







A_ t. a npn'l; "",,,1U601..~.. t or~ fut.wz-.
~ 14 Coao..-too 1l1abo" to' :I. II. • .-..-....It. erII1 • em ......
natr. 'l'lU. t. tl>o n.ral.~ em tl>1II _ JmlJ"t. _ 10; • ..-..,.
"l'O"t or tl>o re.-ro.b >i>1eb. .. _ OCI<I:l""t<>4 em tllio F"Jlle'I: <tur1.nfI tl>io
~t ti... ,......
_ t1.rat _ Jl&4lI" or tllio NJ)CIrt ...... & ._ry or tM 1'1nll1tIlIll
_ \1lt.., AJ.tbou/lIl no 1Ill1lt...... _ .u1t.ab1e :fbI' -...J:Ie t. 1oat
~t gra41..,u 14 c<::o>e~ )I&_t b7 """_t",,,t1w -... .
roo.n4 1'0>' &l.l. cOD41t~, • -.lotll ~ bIolll.edge oa _ .ul>,j..t ~ th1II
........b .. 0__• 'lbo ~tr1.c ptopexta. or _1"U<l "".. toIlllOl
\0 W l'Ot*Dt1all;t accuret.. 1DU.cI,tora ~ llII>iature _ 14 ......erete .,.....
a lutno.1__ ~__ e<m41t1C111a to be or COD814ereb.le ..w. 1»
at>Ml;s1Jls tllio _T1Or <4 -..eta )I&-U.
It. t. e>t1c1J1& th1II n:.oJ.~ v1U aUG "" a JI&OIU
~cI> v1U 1'0>' p+1 ....u.... lOUbJeet or~ to l"8'I'1n' _
_ ooal. or _ JI&rt1~_. the rep>rt 1f; _tted :fbr l"n1ev
_ , ..ooal. :fbr P""""Uoa.
___ or tl>1II ...,..-t. _ ita .....pi OM to' &l.l. tbe
pu't1u to u. ..-.:II .u1 _te th1f; .-..-....It. F'>J«t.
;11.-4'(h' .,(,J

















Digilized by fhe Infernet Alchfve
in 2011 wrth lunding lrom
LYRASIS members and Sloan Foundalion; Indiana Department of Transportalion
hnp:Jlwww.archfve.orgidelails/measuremenfoftraOObeli





"'" ....tt.v _ to __~ _lau.. to t!lo lIl21_
ztt.ta -....- cd l'WoUc: b4oI, u.o In!I'_~~. _ U>e
~~ lIeiMN'do J'ro,lort cd~~_I.1t;r_ jocdatJ.J __-_.
" le] ed Cots t 111 ~.. ~. G. 10.~. hot...,... cd
$a1.l _ ... ,~ Uo1_q-, _ -=- thU u-t1pt1tJD._
~Ule~.
*'0' 1ad1~ to thU J'ftI.!.et. ""'" to _ of
_ tlooo mrUIor..... •• ll1e .....t ;> '-e.,..
'!llU: aI i. 1L16
-
ll.
• • • ,.
• • • • • • • • • • ll.
~~ ..J·t·.......1po of e-o....w
IlD1.mIre .. 1zlIl: ""- -~.
Crtpad._ IIo1nlIre~ •..
D:l~ h ......U_ of CcrI:re'&e
'fbeory of Ili4b r.o..~u



























KIJIWu...m_ .. • •
•
• • • • •
•
•











2. a.l&U~~Car..- _ a..o.uu'l'1tJ' or~
~ .....1_ ee..-. . . . • . . . . . . • • Z!
•. o.n-t ~u. or. c.p.:.lto~ nUl. r-..
5. -.,~ Jr14GIo C1=I1t ••••••
6. ~ ft ........~· DukA:>. 9.
T. Ilbr1A-.p ft.~.. CcQ.t<lqt • DiU ... 11.
8. ~ _ em- " Dl..olI: C-S.
9. ~ lkte1' CmteJrt _ D:lak _.








"--t c.ap.cl_ 1I&'tCr eo.rt.=t _ DU~ lb. 1
(/lO ~l .
~~ Il1tJ. B·"D.......tar canto:ut _ Dat C-e
(600.CII:».l •.•..••.•....•.••..•..
~_~ '." ..... _ e-t.-t • tIl.alr. a.e
(liOo,ooo ....1 •••••• __ ••••••••••.•
IW' .,t Cqioe1_ &1; uf> ............~ n...
DUll: e-J... • • • • • • • • • • • • • • _ • • • • • • •
Al'P" ..t Oop,d_ A uP cpo .... -.... e->.-t. tOO"
_C!-2 •............•......
a.J.oIt.1..~ e:.:--t. R v:/J epa •• __




lB. a.1&u....~ e-- u lIP qoa ..... Ik\er
e..- _ Ill.alI: C'r--2 • • • • • • • • • • • • • • • "
19. D1a'-trtc CaI4lIet1.,.U;'T U uf> qoa .... Ikt<tr ee-t.rt.
_ Dl.4 C-J.. • • • • • • • • • • • • • • • • • • • • "
,..
00.
• • • • • • • • • • • • • • • • • • • •
21.. tlI., b1t! e 3 U"t1\7 at. 1.0 ep. ......t.r e..-
_ ~ 1C-.l •••••••••••••••.••
22. D1a'-trtc e ' U"t1t:T lR 1.00;0J 'ft. Mo.t.u ~t.
!\;II' a..J.e -=-2 • • • • • • • • • • • • • • • • • •
"
"
~. ~Uoaa~ !II I:l11oI l'O]IOrt .... tile t'WIll" or
.. dud:r .. : 04 Jotut.1T \l7 _ 1lIo1_ &ta,.. -..- or J'">l>l1c lbed.e,
_ Ia/J'_ l!t&t.e &4!0~~. _ U. "ol.>!t~ ......-dI
1'rQJ~ a I'm*- \JIr;l._toT, ~~ .. ..utano .wr_~ 1'=
~lw_. s,..~. U .. ""Und u-t .. -.w.. &011~
1'= _ 1tl _ t1aI 1<l.U1 ~ tile~~
n1&t1<mdl', _ tile ..-..l~ or CClIlel'ftG J&_"~be ~~.
!llI> etuob" ... 1.IUuate4 1tl Jl<.n:1:: 1,958 viti> tile nnt "...
ba'O'Ul4 tile~ Cll>,t&et.1_'
(1) A l1tentwe wne;r ~ _ u." ",·mUlbI. __ or
~ tile D:l1rtIlrII c....t<mt or ,.,....... -.51& to- ......
""et.......u .
(2) J.1a1W4 1&lI<> ~'r7 1nvut1,pU""" or tho llOrll J<'CIIll.1"6
or tl:>oeo _04.&, ...a
(3) Hlectloa or tile _ FC'D1e1"6 llOtllo4lI tor 111.t<lale1....
111.~t1.... 1a 1:1>0 HC<lD4 pbeH or tl>e et~.
CD U. -.u or _ llUro.twe ......" U cone"""" t.bo.t,
or U. .'1 ~.........,.,. _1_ _ r U lMe~ 1:1>0
EII>&t JI""""l.'"C _ it .. .s..1_ ~~w tll1& Jli ' ..... 111. -:llc
~_.
'ftoe 1alU&l. l&DoiI'&.~ _ ~. 1'= U. --.~. or
~ tl>e _ltaDee or tlI1Il~ <tlab .t ...n- _tar _tcrt.e
1a",...u.J.~~~ tl:r _ or. ~ flo.. , (60 ....) M;
~_~. ""'..-lU r U ~ be ~t1_
,
to chIlllGa. 1.ll ....C~r COI1ta1.t on1¥ at ....tar cont;<nlt.o b<>l.o>I <>bout l! :percont.
hal. okta .,,,,,n_Ne in tile llt.e....ture. a!l<l tra:I t.lIc ~.,., ""lvaa."",tor
coateat. _ aadc tor tlI1. stll4l', a ....~d tbat...".t of Ulc
",,1..,., clIa>l(IIl _ to~ 11> COlICrI!UI tdx<>a u:>e<I tar h1sl>,.,. plo""~
1IIWl't>I <:ICC","", at ....teo COOt.tll>tlI ~l.ov _ lo I"'r<'""t, &<'d '\:ll&t tI>c>
4c>e1rabJ.o D01sturo eoatcnt "OlIll'! to b<> -.uro<I 1ll0<lJ4 be 'JII to 6 pere"..:..
_ore, freD 1210 .tanclpo1ilt ofc~ e1tl>c!r &II ..t.olllto ......uro
of ....tee cOfl'tom., or ~ <lc~ "" :lDd!.J'e<:t proee&tre tor~
'I01.uI:>o chMIlea by eapo.oltllooe_~, tbo ....."l:ta ..- .... apparent
lack of aena.1t.1Y1t;( lOt h1illler ...ter cc:at<l:lt.. 'nlo Mta _ c<molua\.O:a
fra:> UWI 1n1t.1otJ.~ 01' t.he st.~ """' rupor1:.c4 1.ll~•• !lclport
Ilo. 1 (1)00.
A. nUll;y or tbe tlIeo>y of eapacit.""cc ",""",Ul"C:!IOlIU did llOt 1Dd1eo.te
...",. .=1011& 1.nhoIrant l.l.td.taUona to 'tile CIop&clU1zl<:c~t ..._.
n ..._~. tberct'ore, Ul&'t; the d1tfi<:ulU.... ellC<l<lntcred. YItr<I the
"'SIll'\'. or 1Mt........",tation pt'<:Ib~. For 'UltI ..,.t pIU't, the 1nrt~t~""
JI~ IteoDe4 fl'Oll. tile h,ct. tllat \:hi> _10 d1olcot.rlc cons_ a3
1Dd1""_ b:1 co.:;aelUn<:n~ta 1. IlOt a trw> "."..tant. It 1& ..
fmC't1a:l not~ of tiIc ...~:Lal be1n@: wate4, buf; &l.Bo of Ulc test;
co:Kl1tl""". !ba _10~ tlo<:ton ~1IC1DG tJ>o t.aot reoulu <1..."
boo.oI"""" ~t1""" Il<l4 tba cloetntaJ. rrequ=ey at ..acll tlIe~
1nrt~ta &n gpe....W. At~_ In.....ry CODIl.1t1.... 1.a Ulat of
o1>f;elnl"ll ;oed • ..,tact bo'tllOeCl the _dt.ar pl.&t;ea _ til. d1c14<:trlc
_r1lI1. bft1nC tHted. 1:'oo>' .....'\act low.... tbe scnslUi1t;f or tbe .
-.urf!l:l!rd;a. n.e p%'Cb1.oo:>J uooe1atod ""til. trooq,=r of oporo,tion lOre
"""l"e ....,.,..... 'Jho ton fftIq""""T ""a1o~ tb<I ott...ta or """" faet.o.....
cCll>duetat>ee, polartKt.1t11l, 00d n:>rce :l'1oWk ""ti!lo::l till tbo lOt<:lr P>locu.loOl •
....,.,... in~ ...tor to tbo Jl!N I e: pIq et tbo _ or thl, ~rt..
J
~ tho -.1UV1t)'. 2he probl.cm, t.bfo,,,,f,,re. 1a 'to '\lIlJ..Dnc~ tho P'"<¥foleaJ.
.be _ map<> or tho capocl.t.or anol 'tl>e f'roqw~ ,,:>4 "'''''lth'1ty or tho
I:lOII.SIU1.nlI 1JuIt>;'l,ll;lC<lt; to tlllI <U.<t<:U1,c&l. =»=t;l.,.. or the <tial.oetrl0
fI:> ten tbo r ......lbU1ty of des1gn1.D(j ~W1 of .l11t.o.bJ.c """GO
""'" ......1t1v1'1;)"... $(lCc>Il'l sene. of eap&elU'.,,'" tel>tol _ 1.donrId ..t
..~ cl.e<:'trioo.l t'roq\l<!<l.". (600,000 cps). ,\t ttis tr8«\l/:t1CY tho
l"ClZI(:e 1» l:101&t>Ir1> eonteI:rI; tbo.t eoul¢ b<o .,;qUl'*<! 1r.'''''<''.''''~ v1i:b;.,t ""riOU'lly
nt4u<:1Dll the &ena1tl,,:I:ty. 1he _lto.lloo """""~........ o:uI>Joc:t to<>
~ ill 'tI>e ~IU'O or the ".".,rete \<l:tll t1J:» _ refiee'ted tho
aorpt:l."" ~ro5U 1zl the 'oI$'ttl.n,g~ eyc1.<>; b."""""''', the toal;
reaulta ._4 1:1>1.'1: tho 1Iacouraciu .....utt11lc !'::'<c> u.e... cauac. \III... """
p%'OMblU"" <_ t.c't<>no &J,.., l1la1t tlIe ""c:unl<:Y or ethe.. 1nd1rcet
aoJ..-t\u<t -.u1."l> ""u.oa.). 'Jho r<>ault.ll ot tl>e~ hoq.......". to8te
olIowd tllo.t :tor .. wll-<:tU'O<\ """"""" tim "..,...,itan<:c l:lOu,ocI. eouL! lll<11ecte
<»1.atul'e~ \11th "" accuracy of ~ 0.5 p<>r<>ont (..,tort,.... o~"t) no..
..ter eoatm>1;.s bet........ 1 pneeIlt _ 6 p"t<'e1lt. '1'tWI r1IIlgO b~_ tho
IOl>lIJture e<mt<mt. t.b8:t -= ot :1ntc....-t l'rtc tile SUJ>d;po1nt or ..,1st\U"e·
rrc.. _ r<sUlta, ItI1clI '"-'ft roporto4 1D.~••~ 110• .2
(2), it .... COlIC]'''''C tb&t t.be 41cl<!letrle ,,"""_ 1& .. satia_rr
~t<n' of t.be ,.te..~ of baMon<>d 0CIt>CrGte ....." tbat tbe ""'P""1--t.Nlee 1IOth04 .....~ of an ~"'1'" stt4 to ceveJ.oV1%Is\:.rul:lolltllUon
nec"~ to per.1t I'OI1t1M .l.Mltu ,.,1.t"", <lQM.......,.,.,t•• ""<:O~,
thtt ••''''D4 pl&M or Ul<I ortllC)' .... <Uiertal:en \lith tho )lW'JI<>SO <>!
•
~1.oG _ tcst1Dl: ttlc """cno,ry~1nst""""'~, ""J>Bl-n<:
c1ol:lclttll, 'to allov l.no;!.h ncl.d tcot1nll of _ ".,1S'tunl
<=>teD!; ot cancret.o pa_t ~.
~ ltI>~ GcDemJ. Jbdio 0&;>&<>1_ Aa-=h),y~ """OSK!%')' equ1];a>trt.
.... ""'lu1,..,"-, &D4 .. 't<nrt Cl>jlaClt.or ...... d".~, l>uUt, aM cnl1b....ted..
I/1tb t.:'>U oqu1Jl'O"'l1: it,." ..,..,l1>l4, for tl>e nnt t1l:le, to d.etcl'lll1M
tho act.-l dicl.&ctrle ".,.,._.....ter <:cI>tent "'lat'cnobJp t\~ concret,.,.
All prcvl.<>wo ""1'1< hI&4 _ ltttll tb:!_~ uptcltemc"......ter """""pt
rcJ.at1olllh1.1', Ilbicll 10 ... f'UlIctton not~ ~ tI1<I ....tonal but oJ.&o or
tbe test.. loTorll: lIM alb:>~ "" the deaill'l _ t4n1llll ~ &I, QWI'Opr1:l.t~
_l.nll "l.<:<>oD~ tor I _ in tJ.. CODCl'Ote test 1l<>CUac..
1'relln<ra'T t.olitll vitti tll1a "'l.u1p<le:lt 1lId1"",_ ~ro.l.~t
~. l"1nt, tlle aetlII1nI:l~ ....d neLl 1mtnaor..t4t1o.o. 4e3iGI
~ .. FlO""~ of tile d1Itl.ee~c ot C<lDCre't<l,
"'tell ..... not sya1Jable 811:2'= 1.n t.bl Ut.o""'tur<t or l'rac tbe WtUl
_1.lI6 p"-. ~,it...." d100<Mlre<l tl:at tll" d1clootrte caDa'tIiDt
<>t C<K1CrrlQ 1JI .. t\<Detiac. llQ1; onl,y of the ....'tor o<mt;Qn't but aloo of tl'_"
-.hJcUv1~ of the l"'n "",t..... 'lh1s lnt't<>r cI1."<m»')' .... vor:/ 41eturb1na,
_""" """ ot 1:1>0~ tor o.eJ.ect.1"ll tho ""'PlCltanc.~ tor
~ .tl>Cly ...... au;pp0s04 fi'<><!4c= l'rac l&:r(;<l 1nfl""",-'e. duo> to
wrto.Uoca 1.n tile mlt contont of the> poA tluid. 1h1I~ ....s..<>d
-.onOUl doYbts """cern1nll tI><> valld1t;¥ ot ~ c~uno,.. <Ira.., :!'r<>D. the
1n1tieJ. pllaa<! of tile atUll,y. It....., """ evldoont UlAt :I.D "P1te 01" t.hc
result. preaetlte<l. b:I' pr<>V10\l8 lnve<rt.1e;o.ton, tI>c> "ClDCl\<a1otls 4ze..... f1'clo
tile.~ thoc"l' ",,0(1 to 11lte~....t the tell't <late, IllI4 the 't<lat.
results obta1Ded 1<1 the 1n1t1&l Ift\a<! ot the atud;y, t.bI:l't tbc> e&&:<\C1t;a,,,,<>
tlC'tbo4 _ W>cr<mt l1.I::d,t.&U.".. \otl1cll -.l4 p:t:;,o1't r<>l1.al>l<> -...ur<n:>n't.
,
Of ...~~ ......tc:o>t CI<Il¥ vlth1.n .. re:rt.r~cted. ""'GO or _ t l:<lD41t1ctl1l.
h *t.ll. u.t p:<IY1d<l Uv.l _1.& tor tI:Wl o>clOloO:lua1<m ~ 1.a
PzCilP_ IqcIrt 110. 3 (31.
At UI1II J<D:Wrv U. _-1.... t:rwo:~t1.. ... ........ ".t.l>d.
itlllot UlenI ,.. "'" :ltIIlc<rr __ c~n>1IlG u.o rMtrt<:_ "- or
~1""'Wt;rof _ <*i*'1tc>ce~. It _llr 111>.-... m3bJ1o......
~ ... IlD't l:lWI rcu v11:ll1D _ \iUdl 1A or 1JIte:I~ l.D. \l:<:
:1&--. ... 1 1M ~ 1:::lIo 1n_ or u.. __t=1al
t/lIt.t bo4~~_. It ..... ".,...lry'... U>ot.t U. prw:UOlO1~ of
onU..-Mllt;r of u.o _it.o:lr:e :oeU.o:I. .-lll _ ""' .....t.ool.. Far u.is
~u ......~~:
(1) ~ .. DX'O~ thoar7 ro.- ~1Ac U:OI
Waf. .ta,
(2) 1aalatll. _ fKton Iil1<:b 1IInuoDe. _ 41.la<:1.;r"..c:
~l"t~ ot b&rdolned. eoae.-, ""'"
(3) ",,+.tbJlp _ ""Il" CMlr \tll<:!1 _ tktono could 'IU"/
10 t/lIt.t Ul. _lnon of tll. <\O.pu:l__ wul.d
.un )'101cl .....ulta of I'taCt1coJ. 1nto...t.
'1M :!'l.-.l. pbuo or tho rlUII:Y ... Uv1_ 1Mo ".., »&rUT 'D1<t
f'1ftt. IlU't ......i.&U14 ot .., ~1<m of tJI~ of~ leoI_
d1~. DII!l......:>ad;an ..... lah>r&UIr)' .to.>d:r or t:.. ~rlc
~.....t.oor _ ""'"~c~n1.r'C'Wr_t.ect
.-.lAt1=*'JI& tor .....~ _ ..... ..-:ot. ~ u.-.p tc:I "7cl- of
4l71tc .....~. 1>1 _ 'taU, lIN.t' of tlIo~ ... 0-..
drlOI4 to~ _ Ule oUIeI" IIotU _ to fd'c. AU 41oI-trl<:
......-~u- ...,..., fl:aI:: pamtUYiv _ .....10 ..~
or vf> epe.~ t UriV'''' __ ' ..... 1Ioctll rrc. 41.foc't
,
...,.l.It.&1O:!<l -.-too at 10 cpo &nil. hQ:> t.be vi> .,. pen>lt'Uvit:Y wn•.
9paclal teat. lOOr'e.~ t.o 1ll41...tct tllcI~~ tile a.1t
cClollCClOtrat1oll ot Ulo ",.... D1d.4 011 Uo_ """t1<xllMV-. boe<:<!IInlO ...'>4
.1 t _ l.D u.... _ ....... H1IIe._ OIl 1:lIfI bIIaa 0: u.lr
-'l1Ul>1l.1t)' tor ~t:1oII to n..J.d _ U" tho> l.No..t"'7 terti
1b4l..te4 tbat 1'l.tL4~UcN _ J..nU'Uol. 'ftle .... Ilt. ~ tl>eae
~,""-"U- ....... _t.04 111 1leJo=1. ... ~ (II). It ...
rolaU"",",,lpo. ~ .....~~"'" '!l7 u.. alooetrtce.l b<>q-.<:;t
at \tl1eIl 1:bccr ..... -..rod, tI:e -.lot __• ~ ~ pO..... -=. _ t.be
_slble ...~ _uau. h tlWI ....td7. 1&rF-n.-.uecr.
oc::'" ,OIl~ __ Ul1.D. OJ 'nee' .... 6rlM to 11J11>c .... -. _ Joel.
.........t>su... or _ P'*'" ..- ... """..- tct 1-0 aor-J.. .....
1:Jt1dIor _1M (3-1.IIr:b <UJIloo h._bolT" 1:oob UI1ck) clrl.e4 to
oal;r Eil:A: _ oalu ...... __• ClCI~ ...... 1:dzIDr. !h1s".
'tNI:' tor ~ t.n. teD~ ot~ ..., ""_UlIIc wl.tb _WoS
_tcr. rur _ olDdl.U-. PO·..UU.....1;F ..... to. U uP~ .....
~ "poN- or 1Jl41ca'UJrs lDutrInI _ 1a ..-..wtoc >l!.UW1
'!; 0.25 _emt .. t.o or , to 8 po:reo!llt. _ 8C..-n.c:l_
-.l4 be adiIqIat.e tor__• __~~ to tI>71nll at;
60Dc _ ... la:rp 1.aoo..- 1.10 • .u _ or _ ~ mt.r ....
tlS41Detrlc e...ll,.,U.."t;r....~r """UIttt. n>1&t1<lul>1po _n<!ne1
1:IT 1c>ot~~~~__tt".,. ct t o•5
JIGr"!<E.t '" t<> _ter __ ct 6 t<> 8 ,.....__ tor tlooI e<lllllJ.U.... c!
f$)cc ......... t. .toono _ """~ ct "'""t~_~' !Ioen
.... t..a1c&t1aM tb&t U>1a _ter _ ....u .. 11 ...., .t~ parUallJ.
~ tlooI _ e<noU~ _ -U DO:. :>eeur" V1th1a • l&.".,r teet aecu.m..
n • or _ ...'rlt;r et th1s~ 1t~ _ 1>11 N_",e4 IIT.U
all _Ud.11t~ tl:Ir 1"- CQ1D .
!t>a 41a1ct.-te "'O:uM ot e" etoe a.~ aea:n.t.>
1DI1cI.t.lln or blI1.a",", .....- 1ZI --...::. r.ttt1~~ ~
-.eat __ t.o be ot~ 'RJ.ua 1Jl.~__rt,.,.
ot~ J*_. 'or~ DOt..~ to boo ....-.N., tbt ~".
I:IClI't&tl.<ln _ boo cara!'~ _1&=lOd t.o lI\d.t tllo apaeU1c d1Aol.ae"trlo
p:opn ue. or ........ow. _ .......~~"" b<>1lll:I cl..... to 4ialeetrte
_t, dULoetrlo ~rtv, tNq......,., ""d tlICI elooetrloal.
elIa>aetarlatt<:. or tJ1a oom.aet \let....,. aona:lJ:lc: ~t _ eOD''''cte.
'1hCI to.Uov1"ll .....U<&18 o! tII1a ""IIOl"t pn_ • -.u ot '\:he
...,....).ta ot tlIe 1lC....-l 1mca't1/:lOUC<>& o«>~ .... sort ot U1la .tudy.
'fb .-.014 _u>U.B t:Ilo I:It.1<l tr=dO et the >'ePOr.. l>r1o-t 4oaerlpt1ol>a ot
oqui t __ t Pi .,. .... _ 0Il1.7 't)'pioaJ. tan Gate. ..... pe_.
70re~ ......a.,,- _ Geta1lo<I. ~...npt1<a; tl>a .....sur 1Jl. _
to _ ........... Ilap:Irt~ tII1a tnt.,..,u.. 1Jl.~'
,
~ 1.1 ... _1.... llterat.zre .... _tal" 1.a~ &114 ita
~ .. ""''' i U .. o:t l:CID' aloe; __ • _ of tboo p"" .........
_ l.aC -Ur -..at 11>~'" _ t&... -. 1_ ...ll,NC
(5. 6). !lie ph"*" _ a..-e oIl.rtl.cult 1lo~ '-'"_ 1.D _
_ u.o_~ ot __t~ .... l~_. !b1e 1Iq
_. 1Il1tl:l ......~~.
-...l. (T) _t.ooI, "'oll.'I:lI &ll ot _ .un...... -en- of ""*,,,iCtoI>.
"'-r rtdl. or ~. _ .... JC<OUI. etc:.,.~~~
at ....~ __ .....41] "na rout,l:IJ;r ~ u.. lIqWJ.1l>riUlO~\l-..~
"l:II>l4 ulu..~ bot UUiAed "Uh _ too .. 9SI to lCO 1*"'=10 ro>latl...
b1&41tt'. b ...fbn, I:I.lCh of tI:l" ..tIIr ...,. 1>0 .....04 before -=~.
""e'mll" 00"""6, Wic:h u..ttll 'Ul<I ........ture CODton\'. lWI(JO 01' 1ntc.....t 1n
Ud.I 1tt\Id;T to l"e1ati'l'OlJ' l.ov ""ter c<'OOteM.a, 911.1 __not 16 bomCI cut
't>T to~ 011 -.....:my blDelol b:r ..., ......" (8) _ Bb1~ (9). A J:l1D1; or
~ .......tor _ ~ n- 8b1w..r' .. dl.t& h ..- an
J1p:n 1. !be <1o.tIt. mw _t ......~ au or tile "IlIl1lDe~ oocurr04 at
_ ....__ 2 to 3 per<:ezrt (o!' 0: 4ry ~). 'l.'b1.I_
~ _ 1.1 _ b:r T<>eh'''' (lo) tor.,...", JMt-l __• 1ll U.
", of • __• _ ~~ at _-c II1tl>U ...tc
_. !be~ dI.'CI.~ 1:1. uw. r.lIIl7 (J'l&w- 6-10)
fI..-. CICIrIftnl __•
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u
'1M __ dll.w. .... not tor _n'te _. _ 1n~
,..__1 _'.i, u..:T _~tl;r '"""" UIIIt .-r1J' all .hr~
JIU"~ of ~C&l .-".u.:m u 6eten:1De4 117 A8!tI J:ft'-Uoo C])o.52.
1M .-It. or _ 11:1' 1.I.ac_ (ll) __\ 1.0\&1': }l.1.aIl f<>r
~ _ 10 _ ...'" __ oily ,..~t. tu. 1>Id1eawa _ ....~ u':ltlceJ.
_______ u _ lo ..........,t. 117 4r7 ..~t.. !dJ.lor_
&.:u.rlll:04 (6) _ "" cran-t.-1e ~. Uc.~ .,11;... eoa_t
of .. a1A2I at tIM "..~ _ ...,. to ... 3.' ,....,0011; t:l .... -.. ""'"
3.6~t l.:I tbt _. ~. 'tI::a .-- 111 ..~r __1. or tn_t
1a tllia nu«:r ... -.. .. 0-6 penet.
~~ _l.&uw.t.t""" tIT ..... _ r-..u (12) laU.ca~
VlAt 1t 1& <lIO.~, v1U1 rupcct t.o al>l> -..,l.q .lUlU... t.o-'ure
__ ."",t.oII't \lUll wrnc1.eJlt ...,• .......,,. to JJ>dl¢&~ t~.
renltl.q n- _""" v.,:1o.tiona -';:a1val~ t.o .. t_.._ chanj;e M
Uoout 5"F. "_ (13) 11M _ tl>&t ch&rlpo 10 U>II ..t.t....... contant
ot ):l o ·d,rUll Ul1n conc...te d1~, ...""'" h<Ja 00.... hCIO po._t.,
'oIb.1cll -ad 'l'br ........,~ resul-t.ed (tor 2/3 or _ aJI«~l 111
lqt.h dlaap......t<or~ _ ...ul.t1:tc l'Jao • 90"'.~..t..zw
iDo_. ~, ..~ or "SOe'",'. aU (71.fw'e 1) _ ~ "" U>o
cnue.1 ........ 2 )la'C...-t.~ 1ae........ tuIllLl l.a ..~ 1.ll<:..-
oqu1~ to .. ~"'"' tnc..- or "!JP' .. ...... ~.......lUriq
of _ 0.25 ..rc~ (__tun.~) ".., 'boo _u.r.& ..~
C!bJOCU....
=1x _tp.~ _ aiM Ott ."", _te. tnOI of eur1J>s•••~
of -.ttlJlli...."~ _u-. &.nd -.... (t. 8. 9. lO. ll». 70r
_ ...-. it ... 4Ie1_ to 41.G<:e.rll u:.e ~e1l>1ll~ of obta1ft1J>.$
41.-t ....1'T<l1&U-~ 'I'<Wao~__~ ...........,t
oJ: ...w.. _ .•u.... it .... _1_W.~ the~ of.
111 _ a:L_ .1II'"n-U..... _~~ ....,_~ 'tin_*,_ tu on11_ tb~ the "l""'tn<: -.uU- ot l.aWnoJ";
kl!tlI:N 1buq1tls~ - ~.....
u't.eft.t>In .... _ ~nrt oJ: -.n,... -aua~. 1.8
_ ... _ tl>nn an MfttD1 r-r-nJ. ......u. __W"''tP'Dl\fI1U
..."ehl. (1:5. 16, It). It>n;y oJ: _ ..__ ....... _ aJ!PUn4 to =nw.
8Oua• ...." • ....ut7 Of ....~.._~ v:l.th v:l.""l:J~ "sm_ of
woce... !lin rn.w.ta 'rn ......run1ila. .. _ &\IUoo'r vlll 1'eJ>Ort. • __
to boo rnllMla ...un ......ther rnpcr:U It .. In•• _ 1IO:I"l.'Il.n.. ftl....rom.
111 tllU .t~ ....t~ ....~ to evu.ll.ate the ".,.""".. tIItl>o4I on tlw
baa15 ot theh lIIatl'.. t@?r!I1t nd~ an<! 41...~....,\qft en4 llOt nolA4'
!lin 4otl'1n1Uoa of _ter cotrtmt... _ u,,,,\J&llOut th~ _",
in tl>o ..Uo Of the w1,pt of .ate.. lcet .-~ to ......tout "'I'1&l>t
at lO5"c to the wiFt of oool1.U at tlWI~..'tanI. ~ rv&"'--Yk
~t1.C<IIof u-l_ ..ut1D'D &=a<l:1-.ta in ......t1atkto17 fol'
of _ oaDei'eW alM 4:trtas te&UJol;:. -' _nln mUn..t1orl ..,.,l,4 ""
to _tnoet eM &1al> "'"til i _ b'n~ Il101.... -W ~<:iI.lJ.I'
boo , _ d:r1a4, ...... ' _ rn~ to u.. alab. !h1JI-U
- ~t1&n 111 _ alah. IOCIliIl4 J>Ow14e ._ ti;r _ ... traDe.
~_.__ r;1... _"'~_._t ._.
1""'C tbe _~ -.JAloe ..-qu1nO bdo... equtllbrl............_llah""
at\er _ ~ ...~, __ <no&a oIr7U.I --U alwr _ Irtructunt
ot __10 100 _ 110 -.u """ ..-t.. __ .. _ rq1; ot tl>e_.
_U.tnt;)", '1M _1t;)" or cdt-.UoIl, _ ---" or ...S H to -.IDUtunt~, _ etfIoe+..1,.. ......or~, 10"- o.:;l_ur
'* doone.~__, ~ .m-et ot~ _r Ulaol I>01.ftun
.. ....-l..tJ- ot 1ll41rfHlt __ ..,.., 41 _ e.n4 eoqU'e4 111
~.. lIcport 10. 1{l). '31.1r ral..&U.....d taso• ..,., 41_~ •
..... •..-rt_ 1D labJ.o I. It .........." .."4 tlat I.lIo e"Jl&C'ltan.,._04
... ~.....u.r_ ..,.t P~.l.>IlI, _ 1t .. _1_ to 1nYOrtl....""
thU_1D~.
1>1 pr1D:1,p1a _ .......1taaooo -..-.. _r t. •~ _ea.
Itt. r.c:t_tU~Ia~..~e .....,u......
e;,..... "" l.II. .. _t.oono.l vUb .. nJaU.. tl1al.oonrte _t 1<'
(.)
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!be ~1ta:lce 1101&10..... .t~.. c.....lat. or .. _~ ola-nt 1t>1cb 1& "
au1tGblT cllUbnl.ted capacitor~ the ....tor1Al ...""'. ""t....".,10",,'1;
1& 4aa1rell. .. tNo clbl6<:trlc Gn4 .. <\aY1ce tor DIO&llu.rt>lll tbi> .aplCltancc
or th1Ja .,..,11:0,.. J:qwt.Uon 1 pel'll1u tile <\et.<m>l.DIJ,Uon or th • .-ol&t1""
dlel...,trlc conataDt or u.. _terlal l'rcIII tltnc ~t.:l. '!he .... lIlU...,
dle1e<:t.rlc c<>n*U>1t ot " I::1tcl"1al IllCh as """",,rete I.a .. :runet!"., or it.
..\<or c""tIIot, Nlcl If the <Ud..,,,t;r!.t .""lttMt·....te,. conten-, relat10nllhlp
or tile ...ter1&l 1& 1InMl. thO' ,.t.,r conter.t UI> be«~ from tJIe
cSl*'ltan<:c -.....-..t.
Ik1eh .. ~""" ",tor &Jl'.ll&l:'eI't1;f I>aII HV<lraJ. adWoll<:.aeu. ~"
1i>at....m:.o.Uon pr1.llcipJ.e 1& .1I:ij>le; tll••""'~ "J,,;mmt 1~ inert &lid
&>oa oot 4ep>nd "" " Il101,,10..... ltQuiUbrl.... bot......, IOU ~...,~IIU1.
_tl!rl.al _ til" ...t.erl.al being........ured. 'nIe ..,tatun 1& d by ""
ol<>iotnc field &Illl u.ar.t,,", sly,.. h:coIdiate "_" to t'....,.1 t
1lO1loturc~•. -'ho, t!le r<>la.U.... at"l6<:trlc <:<><aUnt. ot _t aoUd.
_..u ..... 1n tile ...,.,. h'CIO 5 to 10 (18) ""u.. the val"" tor ,.....\<or rJ8!f
be on the <>Mer of 60 (1«l. ind1",-Ung tbo.t tile ...tbod Mould haw hieh
.......lthlq 'to ...u ..tat'...... chaIIgl!e.
'lvc~t ..""..,e.1Q:lO &;re ~e4 1n u.:. <:&p&c~t&l:." 18O\:l".od
of........n"l[ _.tuN cotltaltll. Pint, it 11 ...UlIII>d tbl.t t.h" ee.l*cit.anco
or 'the ....1ng capodtor e<I.lI l:OII'I'eft1.eltly be _ <1 in auo:ll ..~ ..
to nd'l..oet ~ tnot oU.uetr1. co_ or the 't<t<"1aJ. belng atud1ed ""'"
_"""-. it 1a ...."""'cl tbIIt tboI 41ll1.<letl"1e <:<>nrl&nt......t ... CClDto:rt :'el.e.t1oll.
-"111 l..I c...._ ro.. tile ....,dLUona or the lmuU.U""e ....4 <:aD read1lT
'/III lieten:llMd \oJ" ...., l\pp1"<Ipl"1ah C&11......u."" ;proeed"..... '1l:l ~te toM
~:lal. or U11e __ l.n • 111_ eDt. or e1...,,..-..,__ , t.he .aU41tT or
tloeM nNet~ -.at '/III utdlU-.d tor ~" cOD41U_ or UII> patt1cl1lAr
Rete:t ..... could not bel fOl.O>d 111 tho l1to....tuno to tho .t;wl,y or
t.be _1.......,,,,, R'tlIod ralolU.... to cOO\C1'IIt.e, but tho appLr<!nt; advant.aso.
of th1.~ bIlvo led '"l"'"'''''' lnw.tll3l''tonI ta nu4Y its "J'Pl:1<l.Bti.oll
to ""lsture -.-t1<o:l In .. w14<t 'Iar1e~ or other _'ter1al.ol lnelul!intl
IIOU., ~, """'t, cotton, 8Oll1t1.n, po.por 1"4, C&r't'Ote, and beef
.......
0..., of tho ..et etrlldnG <:t.ar&ctorlltlco of tho... "".........bo. 1.
tho *1< of o."..tet.erl0:r in U.., ....eult•• Por '''''''lP'., Bol.1.a (20) report.
excolJont reeult. w:\.u. cotton ,.,,,1 :tound e.n llJ.-.1It l1:\tII8r rel,,:tl.oll.al>l.,
bet_ ..te~ content and ...."""<1 <l.Bp><:lt*::lce, Wdle UU (21), ""rklllll
\/1u. .oia, \1''''UCCO''tul ,n..o.~ duo to "" 1D:Jbll1t:r ta balanoo
out .,., othend e~..w for otl1l.Y co.pe.oita:1oe• ....a tllo ortoot. or tho
eond\.o::ltl1.1.ty of tI>.. 11011. LUl ",,04 .. tUM'! oeo1l.1J>tor circuit ~te0.4
of .. cap><:lta:1oe 'l:rldt;<> lIblcb _t. oU,cr l ..wct1QlltC>n blIve ued to ......uno
t.be "",pec1u,..,e. Do ..t1or1but... _t of Me 1luIt.......rrt<lt.1"" prob~ to
tb1e ~, and IN(;(;<tOt. tbat .. ·Scb~ t-no br14a<t \IOUl4 be."" be""
........r1or. Lill eua UBO<1 1neulAt<>4 e1.IIet.rodt>. ard~ tbat. u... cell
..... ""'7 acne1tlYe ta 1:l\e dearoe of ""..tact \11th tho ..,11. II,,:turtI>or
steto. t""t tho ""ll ..... ""',.. lICMlt.1ve ta ,,~. Of tI\e conductivity
of tbe soll tbeD to C(l,po.dt.«:lce o:he.ll@>•• IIo>rt or ~ othor l .......t1D-toro
o~ l1Jolt.G<l .....c...., (lepondiDa upon 1:lIo1r purpo..... '1'bo ""et "".ult;o
"""" senera.lJ¥ obtLbe4 \I1t1> the .1Iqler t:at.c\1..aJ.oI .ucI> .. geJ.at.1II _
cottall, and the 1lofuIt .""...u ...... a:b1ne4 \/11:3:> tbB core c"""PlA>< ...ter1alll,
1IOt81>q IOU.. 'll:e:fc1l.ov1.l>G d1""""elon 11 "".trlC'te<l to ,,~ "" ",,1111
\111:3:> """"rote the.n ISo _ of tbcl othen.
Bo.l1& (eo), ""~ a t_ lIKllJatar _ 1luIulAted Cl.1II<;t-,
oM' ' rolat.1..-l$~ ..-ul"ta at. .. :!"re9......." of 2. :< lJ:i> cpo. viti>
...u.. n. okta~ _to u.. _ltaDc. 1ac.-.04 ~ • l'ktor 01'
~ .. tIIo wtoer ~t. ... 1ac......." r..... 0 too 60 ~n:~.
tr.P1awr (22), ..ullr..1.llC a br1.4p c1rcu1t. .t. 1000 "'"' _ ban
~. n;orta e<IIlIIU_t. ftlJ".o1:t...... 0elQ ~' _ 1ll41oa\ea
_to U. _U 01' b1a aat.up 5e; ' .. c..l,y .. U. wtoer eoa.\eat. of
_ ao1.l r. ca.MD (2]) -.-. Uoe a<a'-l1oe.lct. )I&1'lL1.1a1
reaa].u _"*' ILls'S OIl _ ~ _. V1U1...-=t7 a1M:~.
all ao1la .... _1_.wter eoa.~ e.....- 01 __ ......-..1. ~.
_"*' be ~bt.ot.ft to a 1arlIII eqael_ of _ ...U~t.ro.Ia
111~. Iaaulu lOIJ1AIi cart>oa el.e<:UodIu~ laM =-1_t. _
_ t.Ile _ .....raJ. ",t'f\loou.
""un.", (2')....~ a ~f1"'t.1.... of tIIo e_u""",,,~
1.ocorp<>n.t.1.tl& • p!aau.. 01' fllrU block t>atll"" tlIot .1aetroclaa. lIbt.a1IIc><l
_lato"" ulU vltb losula'tood .,lata. bIlt. _ uH of -.~tnal11Al:tld.
.,ate ""e...t\Il ..... tile eleet.l."1ea1 .....ht.o.to... bot_ tbe
i'late lOll .. 10 _. He alAo ....port. t.bat. w. r....q",,,,<!)' of
....sul.U obtaimool ..,.tII l.Dntla_ p'tU. V1th __lII.l11At.a<I 1l1a'tU.
_r. 1011' troQu<:r><!1M ...... u.. h1Il>eae rtt'l"p .......rJ__ loab! (25)
....~ U. 41e1.o<:t.ri<!~ of ao1.l at ra410 tTeq__ a.lao
f"""" u.t _ tialactrle """,,_t. .:.c.......... vlUl .... 1110:_ of
~ - tlat. tllo rtlaU...d1~__ 1no:.raNo4 r..... aboI,.-l;
, or ~ at a _ ~t 01' (f to • w1.loo ~ ab><rt. 17 at • wt.a..~t
~ 1llf; at a h.. J' 011tl '" uP cpa,
Cooc1a _ JIl.1aar (26), ~u.e_ af'tIct. of .u~ ..
- ~-.l _..u. <d U at • flee l of .)0 '" lJJ6 "'"' -!as
a 'el t.M '." .. u.. t.ua. 111 c1loJ' ..._ .. t.baU _to
eall, _ UlI.t _ relatlW1 41.l.aetrtc _t ...a:1..t n- ~ 1.0 )l ..
_ weer~t _ 1llo::.-..t n- ~ t.o~. 'DIe.......lIJ.u~
flt.~ >!lUI _ta R ....,.~ ~l_ reporte4 b7 othItr ~tore.
~~ u.on... ~ ....,_1n _ J....,. ..... _ ~ U1a1;
Ilel4 b7 tloe to.... nel.U or _ ~ _ • ..,UJIG .. __ur. lou ..
41.el.lo:tr1c .....- or tloe 1.... ...u. ..Ur _ 'J:IS "'U
.. n.. _Ur >!lUI .. releU 41cJ..:1;r1e ....._ or _ eo. Icl1ar-
(21). in 4Ue....1111: _ 41o:tl<oc::trte .-tho4 _ ........-la1Ac _ ~ or
~ 1.rI._'u.,t.orl. P01.rI.U out tb&1; .. p ... quam1\T or ..tr.- 4J.atrtbuUd
CWIDJJ' throI.Icl> • aoU~ .. a:r-tar .-.., 1:1 the 41.l.c<:tr1c cona't&at
or .",.,.,.r&u~ dry !lOll Ul&Il it <10M l.n tl>o _ ...ll _ ....leth"l¥
..10. _ eont".,. to "'" .-..w.u or eo-..ua ...d hl.aIr, ataua that t.h<>
relat1oll. la J.-eUc:alll" 1.1near up t.o '\:lIe OlOiaturel aqu1~t or tha
4ec:.-..., otl>c.. r.<:to.... be1D6 .,.,...'t&at... _ ,,-<:"ture l.ne.......
2h1a U~ bT _ r.<:t U1at t.b<l 41e.llfetr1e .,.".._ or ""tAtr
~ vl'\:ll l.ne~l.na t ; la",," (19). lie~ IJtaI.<M U&t _
d1alac:tric .....'t&at or _ aoU. _~ _:rst- h a~ or _ -.l.t
~"UoII or dot pOre _tor. n.tc:t.r (26)~ i'CP01'U" l1It1.I>cac<c
Of' _ -.l.t ... .traUoa Of' \be pore thl1d at )-9 " v!' eJllI M 0Il1T tOO'
traU- or~ -.. 0.1 ....... 100 It<: J.a __ or acl. otI1eIl
,.. _ on1¥ alt M~_ A6UUoa or acl U -=- or tbU
'"
ol&rlti-.\""" rr... ..tor 1. o_4cIre4 _ Ha.W (29). lIIlltll..lloH
(30), f.DOl Voa lll.pp1o (31) &ll1nd1C&w t./I&t tho ....l:1. cone...t ....Uoa or
b'>lJr. ....ter I\e.lI 0IIl¥ .. lll!I!IJ.l err.<ct CD ita d1Glaotrie COl1Iw.nt at
h'eQIloIll'IClea 1n the lev "'p")'<:l.e ""'6". Ilo::Iv<>-..r, lIIt.ot;e4 a1Gc prcaont..
<l&ta oll<IV1"l1 the -.lot OOll<:ont ....Uo... sr-ter tlWI ..bout 1 IIonBl
.1SD1n.....~ dK......... the <Udaetrio """.-taJrt. ot ....too.. for ~"""i""
g>"Oe.tar than 1,000 X It/> opo.
~o {)<!} -.ure4 the <:&p&c1_= ot a.vcl1Ll. ,""Us ... a
tlmetlOl'l of ..ter content ,,"lng bOre cl""tro<le. at .. rnquency ot ..\lout
1,000 CPl. Be round tllat the ourves for ill .ooU" ""..... VC17 al.zol-la:r
II1tl1 the ,,,,,....,It.n<:e 1ncrooloalng very ...pl<U,y ..nth ....tor ,ontent "" 'to
eavtont tor !lipr tel" <>00_. M4cI~ &1JlO found that the i.noreue
1Jl eapaclt.anc:. II1t1l ter """t""t about 1,50 I'l'1' as 0IlP0• ..." 'to ..
pro<U<:tod Y&luo> or _ 16 I'Il;f .-1:16 .. re1AUvc 41eleetrl0 I:Otl:Itant of
5 tor tile .aJ.U. ana 80 tor tile ..'toer. Be augeeat.e4 that the~~
hid> <IiGl.ectri••""",tant.. coul<1 t,. the rcaul.t of vc.ry hip polarl ...b1llty
of the adao_ ..ter layar or ""oult Of polarization ot tile non_
1Mulated eleet_. lie &1JlO t;cd. tb&t contact b<tt"""" 1;brt ele<:tro<lA.
_ tlle ..,U 1. 1lOt 1>:lPcrtLllt .. 1.00>& ... it 1. ~lble, \Ih1eb """
t.I>o _ tor the ..,14 M t.<leted. OD the other ho.n4, C1I.tM. (33), in ..
d1.eusnon of olA<:tr1ca1~ of .......ur1nc: !IOU lt018ture, .- 1:ho.t
for .el"t&1n eo<:41tlonoo ot lov freII""'"')' ""'" bl/1b C<O:l4l>otlY1~of the
41el.6<:trlc it ...,w.d be _1b1... fOr contact ClLll8dtr.neea to produco b.16Jl.
a v1da ..-. of_~ other 1:l>azl...u.. lClat Usn1f1c...t to .tlll.
et...",. ..... _ l't>r """'Do ....J.... (~) ent..te<l .. ..w.. f\>r tb<o rlllatlV1l
41el<><:trle CQII&Un" ot a _J>tary rock aecUotl 'to be uf3. Rcc""u.r
lfbllir and 14__ (35) ba.... _aure4 ...we. grat.ar 1.hM uI> fer
~taI')' cora 111 tU "'''ural .tate. Keu"r lln<l Lteu"r<> I:&<1c 'thelr
_""""",nu .t h-cq""'''''1e. rang1na n-ca 50 cpa to 30 x lJJ6 Cpl. 'l'bel'
found tlIe very 1l1at1 wJ.uea at tho 1o>Ior fraQ........l.... At frequencles
__ lJJ x 11i cpo all >'ILl.uc1 ""no leu th&n 80. tIlll MlperllOll etfec1;
'""" e>nl¥ algn1t1eant for "",t co..... and b obv1oualy Ul<lClI.ted. v1tl1 tlIo
eonta1lle<l ""t;er. "lIl~ ala<>~ tb" rollltlv1t.y ot t.Ile COre•. 'D1c
\IO'tt.cr cono••ho" an &)..mo.t cenaUnt .....l.t1vlty to.' t.Il" l.c"",. mQ\UII>ole.
<1<lc....tn.s v1til freqU<>My only abo"" &1>oot 106 c"s. ~ dry corel 011
tlle ether band abo" an al>x>.t Un:>ar 4ee.....c vitll tntq""""y .... a 10;-1<>6
plot for t.Il" tull _ ot tntq""nelK stud1<>d. A porUen ot tJu:l,. 4D.ta
Kelle,. and Lloaa1:r<> a_, 'baaed "" a 41llpo...1011 ~l ;pr<JpOae<I by
Jo>lJ.1ffe (36), that 1:he .......urcd. did""trle CODltant VlIl..... &r<II mu<:h too
1l1a!> 'to be attrlbuted. entl,..,l,y to elGotl'O<le pOlArhntlcll. "lIley!'Urtbor
IIXl>1&1n tlIo~ Il1ll1l dialeotrle <:onItnntl on the bull of an
1nt.arl*c1al or qao..-eba.rgo :polar1-.t1on ph_na.
Vcry little lICtlaJ. 4D.ta 11. available po>.-t<>.l.o.1ee to the diclactrlc
prcpertlea ot c"""rete. A Jl&pcr by H.dX'II~ ""d RobJlOll (n) eont.a1na t.Il"
<l<ll,y data "" the die1",,"rle e.....tant "'loll oould be found. 10 tbe lite...."""".
8toD1our (38) llaa ,..,ron-ed to t.Il" .....ult. In tl>1a pu.p&r as tlIo .t:aI>dar<1
for _ ..<=ent loduatry. Tb&ae """1<&'" fo""" ano::.J.owIl,y lllBh di"loctrle
"",,*t.anta '""" dilOJlera1oll for h'&qU&nCloa 10 the :raI""lC of 50 to 25,000 cpo.
hJ' eJM> 01>'ta1n&4~t dirtonrrt VlIluoe fer different types of e_at;,
_ tl><l <l1&J.ectrlo oonatant 'tllluca for pqtoa "".....l.$11t'1c&:l'Uy h1l!l>er
_ tho ....rrellJlOl"11nG VlIluoe for .."""ret.. All tbat ean be J.oo.mo.4 aboItt
"
lei, ,
, Semple '" (~.)
~,or -
~" " "" 0,
0010"-
J, Aft~. Kfller





















FIG. 2 RELATIVE DIELECTRIC CONSTANT AND RESISTIVITY
OF NATURAL-STATE MORRISON CORES
til. d1el.ee1;>1.e ......_·....w... eontent ...~~1onall1lI r.- u.e... <late 1.1
tII&t. vit.b.1tl tJ>e r-."p or t1>e ...l.;U'I'a1J' 1.001 ....t .... ooatentG "s::..l., t.bo
41.alDcUn> ......t&:It_~ 1Do..-. viti> 1Do..-..oe 1.11 ....te... """~.
A port1oa or" ,_ '-"" .........U.. are ......_ .. J'1cura ].
'!'be t..- or tile.. ..-loU are. 1.11 _..al, ..-1_t nor t_ or
J:allar ..." I4eutzoo (») nor ....b (J'1cura 2).
'l'ba -...u'l'1~ or 0ClDCnt__ puta. 1>&... -.. 1rtulle4 b¥
..-...-l lJnoar~tors. _ 1t It~~ tllat tIoU .......'t;y
i.e~ 1:Lf1,. , llT _..al f\lct.on _ ... tl>ozI ..toe...~.
I9poaear (~) .W1ol tb1a 5o'ope.1i)' 1.11 191J aM .tat_ Uut at t1la -.em
_ ... _ ....1rt1'1'1~ or • """"'"""" ~ ......,. by 110 vith~ 1..0
-.It ....m-t of t1>e PO'" n..:l4. tloeour:, 1lo1aD4. _ ........... (110) t1ild
UIa1; UIa ....i.eth1.~ at .. 51........te... e""tal.t of a tTaaIl concrete =-J"
'tU'7 tr<m U1at or ... ap4 cor.creta b¥ • tac:to... of lOO b. *"u or oalte
1>1 th. JIOR n..:l4. ~ &lao Il>cN' t:lIat e.rta1n ado:d.xtvn. aucll .. blut
ru......,••laI _ ha........1gD1t1cant err...,t 00 tIIo COM\lCUv1'1i)'.
'n>o e0n4uct1v1'1i)' or eoncreta Il1l.It &lao be 1Jt''Onal¥ arracta4 by
UIe IW< de.lan. eUr1,,&, -....I. othe... het.e.... Pova C0peUn4. &<>4 M&nn.
(Ill) _t .....aul.t.a \lb1eh ohow t.b&t toe.......-t t10. tn>a or c-..t,
eur1lI4 _ f'1ll<lnca. of _t ellII. CCl:lt l tho 4<>;Feo to >4l1ell • ha:"4e:l.o4
e.......t pa.ata >4ll ......n&1.II 0ClDt1.D.tl<lWI cap1ua...,. ,..,..... ....the... or DOt tile
~ pa.ata of .. ...-reta -.ta1.luo4 ....,tl.JNoua ceY'".rt.. -u .....
JIl"""" ....... d'het 0:0 the ela<:~ca.l CCIIIGuctlYl.t:I' or _ .....,...te.
P,aoO' of II.!..o:I! Lou D!'leetrte.
!M. MCt1<Iol r&Y1... 0Dl¥ u-. MpaeU of tba .-..,l~ or
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FIG, :3 RELATIVE DIELECTRIC CONSTANT OF CONCRETE
•
"
~..,. ",...uk "co in tIM> lit..:'atun on electrical ...1stUN
-ura. A -... ccaplete mi b .n.11&~ 111 Prouee. Report 110. 4 W.
u .. dm",ddal wlta{:e is applied to .. capac1t.or inCClJ7lOrat.l.n&
.. aalq dielectric, the c~t.or 'lill draw .. ct\&rgln& """",,,t lead1>l&
Ula TGlta£e Iv" .. pbo.H Glgl& of <Kf ..,d a 10.. clU"l"Mt in ph..... with tIM
""l~. h los. 01 .. <!1udrl.c 1a "tt... deri£;lat.e<l 111 t_ of ..
<I1..1paU"" tutor D ..... 1.0&0 ttngent, t.sn 8. Thlla.
D - taD I> .. ~~~1It
... ·c'-Jc·
""....... c' .. d1e1ectrlc conlltsnt
c· .. 10.. tactor
The total .........m. t1o>d.lIg~ the capacitor h,
I" (",,'3 .....) Y..2 .. "..VC k"'. .
y ...~l1ed T01~





aD .. dielectric DCIDStalJt or .. y........
k*" k'-jk" .. £: .. nlaU.,. _plu: pendtUY1ty (1,:' ..
'.
....lill.. d1~c """'tant Bnd k" .. nJ.aU... 10_
tutor)
8I>d t.he 1I>e. t~t ..,. be wrltt.cl
t.aDO.~"~
'ar UI1e DOkt1on; Ule CIlt'l'...t deM1tJo' J t ...venlJlg a pa:r&llal plata
upac1t.ol' undu ... applied thld nrengtb I> is


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It 18. of ,,_, 1JIpoB'li1>b to predict. ~tlt.aUft4thIo d1~
con8t""t-n.,. cont<mt ....1&tiOllll!lip or .. ..,.,.....ta. btt thlo.e cOll31clet"a-
the relaU"""b:l.p bet....."" ehU'g1tl,g and l<>s. """"lit dalIait1u
(F1&ure JJ Rgp.t.a the roe_entation or ClI.]W:ltora nth 1000 b7 c1r'cu1te
..........._ or lU'.I""1 idMl ""P"!t.amle. ",,4 "",a1't.ancf;a. The..".t. obviOll.l
well "p>"IMntat.1.o.a 18 tlI<l Il1lopLo puallel RC odl"cadt. \In"" tllb
cacu1t 1. c0nn8ot.ed t.o .., NJ ....l~••ource, tbll~ bu.....
l"(~V ,.j







-.. C <1 R .... tJl& ~'I&l.ct. pa'&llel. 1<1u1. copo.e;1t"""e .ll:l4 f'M1et.anc:.
rqpecU 1¥. 0" is the seo-tl'1e CIlpMU_ ..r tlw real ,,-.pacitaDce. k' ",,01
....... the laU... c1i.a..tl"1o con!Jtant <Ul'l dWlact.riI> con<l:uetil'1tJ'" or the
t'Nl cliel.cf,rlc at. tbll ..,gular fflquen<lJ' "'.....01 .5 1e tbo leu angle tor:
th1A di~. It~ be ..-bez'ed th&t R b DOt. tllo ol>::>1e re.l~























































































































































































































































































































FIG.5 - BASIC SCI-lERING 8RIOGE CIRCUIT
..-nt. CIQ h1il1l l<>u 61olletrlc.. The bIhnoI .""UOl\3 tor UIbl::rl. ara
.. ~ ....
(u,
""C3 ~ .. Cu




..... tM nl"1.lbJ.o o~nt. to achi..." balan....
with tba unla>o1m capo.e1tor repreaarrted bl' tho "er1.. equ1nlent C_L'lt.I
Cu ""d~. A lIial on R4 cal1b%'ated in c:apacitanc:. unit.a IIlI.J' be uaad to
1ncl1eat. t./I<'l "alue or C"". Far th:I.. Ir!clge the d1...1po.ua.. tactol' can be
axp...~n4
, ........ ~,., (W
thlS1'$!<lI'O. a dial on C
3
1. UIIll&Uy calibrated to ......01 tha <ll.""1pation
taetol' <I1I'aoot:Q'. Il1th C"" and Ox lmoIm it 1& • Uple ...tter to eal.ct>.late
di.l.oo:t.rl.o OOlIatant aIlI11<1." tactor.
A8 _ tre'f.lURCl' 1& 1nc"'....4. atrq capacitance. ad 1D<luetancoa
wl.tll1n tb. bndp bec.,.. 1Ilpo:rt/ll\t• ..,4 aPPl<>plhte """'t*\"'tins~.
"" woll .. aM"Jd1"", IIlIat be addotd. to tha brid&8. gq;tl;r c....pl1cat~
It.a de51gQ. """IJtNCtion and oaUbzoation.
Tba val"". tar Cu _ Ox 1no11cat"d "" t.lMI brl. MI. 6QI>&l
to th" ...apectin valuea tor tha eample being ...a",,"d. C and Ox
oonta1>l other capacitanc. and. loeB tema. "'" leade C.....act1:>g tha """llle
and br:LcI&e !law eapao1tance and raa1at""oe 1oI>1ch inc........ both cx. ""d
D". .uao tha1"e II1.ll be 1r1np capae:1tanc" bet_ t1>a eleetrode. lLI'OIII>d
tha ..ph aml .~&;J' capacitanc". bet_ Ul. I11Bb ano1 gro<&I4. "",..
extr........ effect. Im&t bee .u..ln.0b04 dthar b7 appropriate equipuat
..1&11 or IV calc\llat:1..... l:\ot.aUed """c"llll... to\"~ t"'.. ta~
_ Ii- "" f'1ald Ct.?).
~ :lJq>ort.alIt eon.tdot'at1<ll> 111 e&j>t.(:1t....e- -.....-ta 18
the quallt:r ot ttwl oont.ct __ tho .lcIctl"od.. and tho NlllPlcI bri"&
tested. 11' tll1. eantut 10 less thin peJ'1'ect, til..... rlll be • t1n1te
~t oa.peeit....... Co in • ...u. >c1th the lIJlOClam "'1"lc1t.a:tc. C.'
e-1der1lII p.rtect ...po.e1tozo1 rithout loSI, tM tote1 upac1t...... Cx_..
C.CcC. (15)
x C .c:• •
1roII t.Ir1a _s1ao., Cx " C. " Cc"'" all4 C'" • :. tor Co • Co' TIl.,....
to..... 1JII1c•• tIM eantect ca]l&C1t&nCfl 10 Il\IOCb p.tal" than tbct .pedl:ml
~1t...e•• Co _ be d"t.I:ml.nld and. it. :l.nth<..,.,o takll.ll into lICCOImt•
...c.pt1b:l.llt:r to o~. 111. p;>ro Vltol" e...-1t1tll ..bicb lllll:f uun 1upr
....m.-tanoo ftrietion. tllaD. _ ",leti...~ 1&1"1" ohllll&" in _ter ClMtmt.
!bo ...leU..... luo1d1tl' &Ild euet10n ..t1lo<.t8. :ra<l1l1t1on Dtb<>dll, ond
hut t:rarW:_ ..tho<\s -.. ,.,jeotl>d *_ "bile t~ ott... DO oplei.ol
....vantll/l•• ""'" tho 10G1D bem.. re.1lJtMo. lIeUlad C1' tbIo dialectr1c
eon~ _hod tboy ourt.,. trail. • >l1.s. '<ar1otl' 01' add1Uono.l dUal!'tVl-
~o. At 1'1nrt the ion10 b6rrle:J' aetlIo<l "",,pears to be ttwl~ PO "''1£
lOrtbDd,~.., IlhUe th1Jl lIletbod 18 COZ'.o1do...d to bot daaen1ns of
odd1t1<mal .tuq, tbo 0lIplIe1tonoo ~md ..... jw!pd to be 1nhcI"ent~
_rio.. tor tI<o .......... ' 1) tile ion1.e b6rrle:r :r~•• hn;roooop1e
...terl.al. flQrI"OIIl'Jd1a& tbo elooct:r0d08 .niGh ino...... ito ....._. tw,


































































































































































































































































































































































































































































Tb1, ,e<II;lan br1Itl::f auU1ll.. tM proc~H and • ....nM. tha
l"'.lllta or til, YU'1aua labar'tar'Jr t",t uri. C<IrIduet.ed 111 tb, =., at
W. 1t1ldY. Tb.Ise tArt ..ri" IIV'II U tal.lawo'
Shr1Dlcap VII.....tar Ccntcrt. [2]
Capecitance Ta. Wete.. ContA"" ~ 60 e"" [1]
ClOIlAClt..- ..... 1;'l.tA.. COnt.... - 600,000 Cl" [2J
ftll':lll1ttirlt7 ve. Wat.er CClntent - lr/>".,. [4J
1In1rtaxe ""• ...tA.. Cc>ntent - 10 e.., [4)
All wit, with the U<*pt1m> or thto eor\du<ltlvU.,. teatl> "01" ""....
r..-.t an oacoplel. prepandlll tlIe r<m:ll. ot UI1n <I1ak1il 1/8 to 1/4 inaJ>ea
tJl1alI: w ) inehn in <lL_t.e... Tb.o eOllduetivU.,. _~IIt,~ _.,.
"" pr1.eIalI .~tel,y 1/4 x 1 x 2 inehe' 1<1>4. I'ort.lAnd c_ mart....
apec:~ ~ "",d _pt. to"!' tbll pormitUrlt7 ond oanducUrlt7 tute
All ,~a W1'fI preptlJ'6d. h'<D ) x 6 in<!h "J'l.1nc1eJos 011._ 0I\lI
6q 1JI thoI IOO1d ""d ........ol • in • ]fX/':r _ .. bo.th. t/p>n..-......1
_Ila cround to til, d,1Oift<:I .b, an oOfmlntional pot,rognph1.6 grind1Jlll'
"'la. h fa"" ot the oapao1tanoe and poruittirlt:r ~cbloIn. " ....
p>l1ehed to &1"" good O<llItect witll the tA.t ""jlAOlto... o"".1rlg_~
UOIl \1>1 1IPI'C1A_ ....... mt. al..l<>..-d to tlr)ol theret'_. the tiNt~























































































































































































































































































































































t ..t. mt 0JI1;r tho~~1ta11ce but &lao tM tl'l.ll dblecb'1e
~ IIId dl.eJActrlc oonuthlt)"~ be calwlat.d no.. tile ~t.o.
Detdl.8 d th... calculat1.........p~ in ~an-. Itotl"'rt ":>. 4 (4).
~ te.t....", perlcr-.d on tin .peca.... Two 01 the..
"'"" lIDrt..... p...pared >d.th quarts oand. 0... d1lIk ..... furth.... Its. cured
" l$O ps1in _ a.1ltoc1&w. !hi~ thrM d1.okll W'IZ'O <:capo...d 01
...-tan inc".,.,..rtl.Dg • llae!rti<ao uzt<l. en. 01 tlloH llI>e.toM IIOrtazo
.pec1Jloll& ...... tlIrtho.. cured in ....ter .t ..- tOlllj>l1'ltur. t 96 dqs and
Gu-1ng hat1nB __ 0JI1;r drlod to 6O"'C. Tho... NIlIp1a taatod th:'ough
• -In'.,. ot two cycle. of <It71na and ...ltGttirJa. lla.Ml1ta """.entilt1"'
of thll••~ tub ..... _tod &II 1"18""5 1>-9. !be ","ulte tor
IltsJ< c-s (Fl.gtQ"8 8) ..... a],..., preaa.nt.ad on n..,.... 10 &II • ollll1-log...1u.dc
plot with ohr11lk"t'l plottltd againot los or vato.. oor&.at..
CaNcl.W!e" - 60 £P"
CapM1tanco ..........."ta .t 60 cpe ...... =dft ""~ tut. lI1ak1I.
All of theft.. difth ...... JI01"t"ve pNlp&f"l<l. with • qIIo&l'ta .....1I. en. d tba
.poo~ _ c-.s 1.0. tIlo &lltoela..... at 150 po:1. IIolQl.b~ of th10
1IOl'1...... g1~ on l'i,gur... 11 and 12. 1'bs _ltllloo nlu.. plottad
.... apparent _ltoDco Ta1un and inelud.o tm :lntluonco of thft contact
oapacitanc......a II tho .opLC'ltaneo 01 tho~ <lI.o:l<.
FIG. 6. SHRINKAGE V$. WATER CONTENT - DISK * 9
02345&769101112131415















• ." St~ara C~Clt0 • Wtll,n~0• '),y-n~ -
'I NOTE: Qua,tz sand- - " -













FIG.7 -SHRINKAGE us. WATER CONTENT- DISK" 2
02:3456789101112131415













• • SeCOnd C1cle -, • We! I,no, • D'1 in9 -, NOTE' Quorll send
I~ p.ll sleom cured
7









FIG. 8 • SHRINKll,GE V$ WATER CONTENT- OISK C-S
o Z34567B9"lOlliz~
WOle, Contenl (% 01 d,y weigllt I
<
"
FIG. 9 -SHRINKAGE Vs WATER CONTENT- DISK B-S
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Cm""""" - 609.COO a.
CapIII1uao. \uta .... p.do.....~ 0Cl n,.. d1tltl .to •~ of
6OO.COO opa. ,_ <d~ "" ....nar .u-.~ ....UO •~
..... aM tbo t1AII .... _ of t.bIo qo>&rt.$ .- ...-t.ar 41ab """"" 1ft t.b.
60. t.-t.o~ .. t.td.ll (~) b I- iCCI. 'r)pIw...-.1"" of
_ t.wt.a .,. ........ .,..... 13 aIId 14. <d u.a <l1sb "-ted
t1PiJ:rc ••xl_~~.t.lI. ... of EIJ"c ~ u. .........
• : .."'..... <d w,'"c .... br U. oUlosr'~. (PlpN 14).
ft1uI. plotted .... """ aat.u.l~_ bat.~ d1al r 1fnp..u.eh
1Qd1""" ralat.b. oao-c1"'-. '!hase I"'a<tlnp .,. • flmc:t.1an of tbo
_t.aort. eapa.c1t.alloP <d Ula teat eapao:1t.o1" MOl t.llI "POoC1"- <d tba
l:lDl't.ar cl1al<. but t.ho aatual "&i'*'1hll~ 11 not ~I t.beNt..... t.bo..
fthto. "'""'" tIP c~4~ ldtb UIo m_ tl'<lIII oUlw "".t. N1'iq.
~ l'J4t.1w Oooll'vhOll' <>WI tIP ....
Pmlt.t.t!Ut - ld> 0"
"--1""b1t.7 \au wn CCIIdl1ot.a4 OIl .1Ibt. 'pac1aal>l. ,_ <d
t.baM apao~ ..... ...-t.U' mil t_ waft OPDe"", 1lot.b Ida. 1nc<l.I1>orat.ed
• :u...- accracata. IIalt ot t.ba ."...... ..... cIri.a4 .t.1.D5'"c aDd I>alr
..... *'1a<l. "" cal.7 II:Pc at tbo aa4 of _h 4I71lIC phaM. D1ab of _
1M' _ (ItflIIr'"""Nt.a'\T 4 _ aIId 7 _) ..... \oMt.oa4.
tIoo Ill'" <d u.. \eat..a f ... bog d1*' - e-J. ... C!--:z - ....
Pi • ad PI&=- 1$ t!lroqll 20. !ba.- -..Ji,• .,. t.n:laal ot tbo
u. u • .ra- Ud.a tut -u.. IbU:I of~ 4l*- ........,_...'" apad._
_ !loa 1"'..:Lt.a !tqo t.ba -wr -P"' • had dUrarnlt. _Tn" ft1.lJH.
bit. U. t.rana~ t.bo ._. O:lak e-1. ..... Uda dlIt 4r1e4 t.6 lOS'"c
FIG. 13 -CAPACITANCE DIAL READING Vs WATER CONTENT-
DISK C-C (600,000 c.ps,)
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FIG. 14 -CAPACITANCE DIAL READING Vs WA.TER CONTENT-
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FIG. 17 RELATIVE DIELECTRIC CONSTANT AT 106 cps VS.
WATER CONTENT FOR DISK C-I
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FIG. 18 RELATIVE DIELECTRIC CONSTANT AT 106 Cps V$.
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FIG. 19 DIELECTRIC CONDUCTIVITY AT 106 CPS 'IS.
WATER CONTENT FOR DISK C-I
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FIG. 20 DIELECTRIC CONDUCTIVITY AT 10' cps V5.
WATER CONTENT FOR DISK CT-2
"
aDS dl.* CT-lZ Ul1cbr diu ami .... d:l'1.-1 to ""'11' 6d'C. n...._
can<tlU ted UlII~ or to:. w-t 'IV'l.abl... loth oI1Ua
.... t.Wd t.~ teDc~ or dJ71,IIc ..,<1. .....-tt1aa:; nUl~
-..... 1a..sd1Ua:>. 41.Ik 1>-1 .. ..not 1zl • 1.0 -=-.l1l&C1 ..w.ua..
_ 011.......~ .... na- U IIld 1h. 1M __ DllP&C1q,,_
0CIl~ botb the .tte.:t. of to" CGII't.Id. an<! to,,", d1.IiII: c...,.e1~ lII>d
h "~b.1e W to.. capae1~ r.cul~. obtdne4 .t 60 &rid 600,000 cpa.
'cr tl'Ie condiU.on& of t_ ted. it .... pls:rl.ble. to ealcWte tho
"aU... diel,,,,t.r:!.c cmst&nt &lid. dUlactrl.<l ~nduotb'1t,. l7cu the tat
uta. on- ....a""""hiI- ... ~cllt.d "'" F1&"Z'O& 17 and 10 and~
19 _ 20. "',-U..-q•
•~ _.... m" f_ JlIl1,-. (q, Cl:XJ..=rAl,T
1/2" :II: 1" JIl 2") v1IJl .. Jt; br1,.. .. 10 " -r.. -ur on4 t_~
_~ of u.. _ .. tt<leiI .-.l 11> to,,", por>d.tU'f1tJ' t.c"h ......
lItad:100d. ca .ped of ... IWc _ dri-.l. \0 JtJ{'e olarU« tJoo t.t
peritMI. *'ld _ drUd to ftIf>c. D1A:L.dl'ic condtIcuY!.t:r"~
*'* the ...1trtuI... data, mod \hb Nl.ou°'lShlp tat' U\.I t__rn. <Ii*-
t.olWod 1.1 ~e4 en I'!l.l\Il'Ia :u and 22. i'rllD. RC-l driad to 1.05"c,
and pr1.. K:002 ..... dl'iood to 6If'c. IIotb apec1Jurna t.:lt<ldt~ t.eD
,,~ or *'r1.nc .,,01 r-wtt,1nI; 1I1t.b d1AtUlad~. ....1 .... ......." in
• 1.0 IkInoal -.cJ. ..wzuo" an... tho t.e:Ill.ll dr7ina: ...d t...te4 tftt' ....
..sd1U"'l&l~ pNM.
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FIG. 21 DIELECTRIC CONDUCTIVITY AT 10 cps VS.
WATER CONTENT FOR SAMPLE RC·I
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Wale, Conlenl (~. 01 dry weIgh!)
FIG. 22 DIELECTRIC CONDUCTIVITY AT 10 cps VS.
WATER CONTENT FOR SAMPLE RC-2
llIS(:!JS'I<JI 01' IlE3ULTS
"arl&~1 luch as 0\ll."11l3. o_t. "l!!""'gatl, and Ill<d.atw-. h18t<>,.,.. whicb
""" ~ tbc1'<>1l&blr In..aat1pte<l 1c. tl>11 at.wly. JIcwnr:Ir. tl>o~
tor 1 ..Uafact0r7 _r to appraiH tha ett'ech or ""1st,,... Irl<l::l.onts on
v&rp!.1II can be ".U.lII.:Ited tre-. tlul c\d.a a",,'labl••
Ex"n·:t1on ot F1,gurea 6 tlIrouF 10 ab:>w:I that by ter the ,"aton
_t or ...u..- cII.anile OCCllnl at. vater ccatente le" tb.a:> abotlt 7 pel'C>lClt
nth tha _1bl.e c:eept.1on or the !1m <Ir11IJ8,. In concrete, tha p.....
1Io1lc¢Ull& the ruat dr11nlh tba ·..xi..• Talu tor tba ,.,tat,,"
_N1c101lt or &JI:P"Wion ot lIalter 1Ddl.cat.a<l1n ttde studT 101 a~,aro:d~
...teq 3 :c 3JJ--4 1nchQ II8¥' 111011 per~ Ilotature cont....t. "h1cb
-..r, .to ...ter contenta bal.ow I _nt. 'lb1e ="'"!JO'I"" approrll'·te17
to t.hcI ,N'et ot 1 ttIlipe>"&t..... variation ot 500,. Sb1<leler', <ll.tl (9)
1nl2lutA tlul eoel't1c1_ of e~"" tor c""orete to be haU that tor
lII<IPl.ar, n-. 1t 1lO1n_ c""tete eI'O to be UH<I to prediet ..u....
",,-, nth ea aOOllr'ID7 eqd.:oaJ.ent to tile Y01.lfte ollenp ... lN1t1D1: tr<a
a t.eolpe....... c1lll:lP ot {'p. tllol IIOist"... clI't...m.naUon ""fit, 1>1 a.::eunto
to nWA': o.z ....cct.
Par FaClUoal probl.c& '''''h ,,"c1...~ -wi not be
requ:lr-<l. Itt .. b1pq pe--.t Illall tllilre ltCIIIl<I be tIIo !anon ntlJII
to ..."'- toM aowrall7 r'IqII1red.. ~t. U. mn1I'lD ..n.z.~ -U
~ be...... 1obl,r a_ tbat oorzaP'><"'nl to the ""&'I' of .......".
"
nte at 8lInDkage, and the ..,1IIt...... ooe.U1dont or <IlQ>"Ml"*'1 """>1d~
toN be em..lderabl;r......u than tha .·rl...• g1......b:>w (u. 1Iax'l,.,""
coe1'fioi.m. or ~"don at te'" "ontAott at :< P8f'Cilnt. 18 onlJ' "bcut
113 that at 1 P8rood). second. w:lth _II <h':Jhg of the conaate tho ....to
of.~ d<oeI'e.....~• .." acCU1'acJ' in .nature OlN.SUl'Gl:!8Dt
ot.! 1/2 porcortt -.ld ~bo.b1¥ be uUslact.<:1r7 tor lOIlIJ' c_. whllco an
..,curaq ot ! O.2~ .....wI be oumc:l._ to ccoaprbe pracU...u:,
aU 1101<1 oond1t1on. of 1rlt.orat 111 ~...a;y ....V<IlMnt d"ldgn.
Tb8 01\1.'*. date _ t.hat, 1n u:J1ng ""ist...... co.'ltoott all IIlI
il>ct1cato!' or vol.... ch&llga, ......urlng tho ma1fftU'ra .0l'It....."lt. is cnlJ' part.
or til, prCOl.aoo. The other part 1. to pntd1ct the abr1>b;e .rtar t""
...t ... content. baa ..... <:Ietenl1nod. 1M p-ohlu V'U08 hem the taet. u..t
tll8 ~~I' oOJlt.eDt rc1&UOlIshil' of • """"~ is coutantl.:r clwla1nI.
'IM...to..., :l.t ........ be pooold.l>le to PNdl.et. how thiB ~ionuhipv1ll
chanp V1th t.1r>oI.
Tho __ .....,. in thb ~tl1~ ve.... IlCJt. autf1c1£D\.lJ' Ftlcl..
or e<1IIIF"'MMi too provide. bans tar 1Nd> p:red.1c~, but. t.lIe:J ~o
_ ce1"t.abI t.rr.td/I. tl. .-1-log plot.. ot t.he allr1nlcap d.at.& (e.g.
l1t;ure 10) .... ~cul"'l;f us8tUl ill. tM" ....spoct.. tl... abJIolutt "Il1"..,
of~ IJI>ooIH<I. c~"""aw.. varidion bet......, <U.sk.$, but t"" o\lM'fl'
VOl all "101101' in lOlI. om! undergo the ._ o>9lutlon. !boo ~t7
or toll, cllalliu in tbe ahrlnk~.,.....::-el&t101lsld.p "pall ""'ce.lOl....
_t~~ augged t.hat ~•• chMpa ....., be pred:1ctablel how-
aver. t.h1II pr<:>b1Ml w:lll~ &dd:1tl.Qnal 1rtu<!Y bit!'oN t"" ..u .... Ce:I
be ...Gl......t.
CelltaiD trenclo in tile _t ...padt.anc. ...ut.iClllah1pe _
~ .....,. clNrl.:f by Uuo data~ th1s 1Jl at.1p~. l'1rat. tao
~t.1n\:r of~ _1t.nce to .,in cl>anl>N h 'lU'bd1¥
'"
, ..ted in \.Mal -'\Idlee. 1'.... t.be cond1t1on. of theM teote the ••1IlIiUw
I"ql at. 'lJ!> "PI __ to ..t leut 6 poorcent tor the thllt. crol- and
1lI ..lit. in_c.. up to 9 or 9 percent tar nbeeqwmt oyclOl8. IftIen the
dl.M' ""....06lced 1n the nlt .ohUon. tho ....,..1\1.... Nn&9 W1.ct.ed
too ..ater """t.«>t. boIlov about 6 ...._It. At 60 cpo the eondUw .",.
_ ...lJtrio:te<i to _tot.. cont...t. len Ulan 2 pvoent in ill Cuel.
5t<:lOn4, u..r. u • ,h1tl;1na" 01 til, ""....". lI1th ru*qu..rn 07"100,
of dr71A& ..,11. _tUIIi:. thad, th.... in • dUtinot ~a1. in t.be
~tUZ\t; qcloI. Botll~ hJl'lter..u U>d 'hUt1Jle: of the~
~ to be<:<lcIol len PJ'OIIOI-.I. upon .u~ "",lea.
Tho hyot.....ee1II occurred. to • le greater dol_ in all
"..... !:lit t.be I:lUI<e4 lIh1tt1Dg ot t.l>e curv on lubnquOllt o:Jcl.n onl;r
""""",,,4 with thiD .u..., dried to 10S0c durlr\B t.be hIt pa-io<!. Por t.b1D.
41.ab <lr1e<l. to onl:r 6tfc WId tor tt. thiele,.. dan~. of the1l' aa:d,.
_ I!J7l.n& t~t'" thb tertdfoq .... u-t.!,y ""...4 if.~ at all.
Co!w1c1lrinl tho lJ!> cpI date. it t..c pe.r..t t!Lat ,t t.be Il1.sha'
..awl' "ant..,h tbe.. C\U'VaCI .... e=trou.4 Utloat ~'l¥ by tho CII»\<lJ.....
tallce of tbe diaka and tbe contact eo.pt.e1t.£:1ce t..t_" tM dUks U>d t.be
ten _d.t.ofo. n.. ~ctl"1ll coM1:&nt. of tbe d:111<' I..- • "eglJ.c1b1e
.rt_ at tho wrr Il1&b IIaWr content.. ,... tm thiel<nol._ of d111ks Owl
and ~. tile "-PSdt_ of IlUk cr-Q; 'b:>1l1d be a_ 2/J U1n of C.l tar
tbt __t.v ooMe:l'l;. aa>II1nc 4hhctric conat.&Dt.e ~t.e1¥ ~
t=- eqI>al ....tv OOIltoaU. 1Iowo .... thoo <:Ul"YM ._ u..t the ","pa;ut
up&Oiw.- tor d1All: eN u tho lvger _ at til. hiab ...t.r .....m..at.
1hU NIl .. toM ...... 0Ql,J 11 toM """,""t 0lll*"1t..... far ct-.:!: ~ U.
P"Ntc' of tM t.wo IlId 11 t.hoo Ndllt._ of t.hoo aaploo• .,..
1Dw to __ \he _ .,~ oapK1t..- a..... _h t.IlU~
oapM!"-. tid. 111".... ' ... b ............. -.r t. lolft..ohud .. oL
to M 'CO "'" -" '20 w.t. ,...,..,uwl;r. !boo....a.- or ~ tw .. C-1.
II I It "" WJ4' ...• t£1llF_kr~.~~ Uoe t'lt'a
.....~ _ qt, I ,'..u~ tat, om pIIIIIlt. a p<i
Mt.1a&t.<I oL Uoe <Il>fItaoot. oapac1kMe. !be "Il1ckw dUIr (Ct-2l _ a
II1&bn' ...18ta- -"" tMftt_ dIoo. not a_<:II It.>r~_ ..
ol.oHl;r, ...:I It.>r corttact.~t_ .:emot .... ..rtiMtM V1tb tM _
!boo _ tq 0-1. an.r M1t ...t.IInt1oa 101 ..Ilh Idpr t.han .......
tit. tira:t~ qola lUld cl_ addiu-l. m..-- or u.~
or _ nlnta ... U.~ or Uta aa.pla•
.... tba eu- -.diu.- or~ a t.b1rl cllak \0 1.05'"c ud
reH... s.. a 1.0 ibnIIal. Wl. ~1aIl,U. rmp oL.tar _t.lta at.
*1eIl tbto __~~__ bt ........... 1.a~ w14a. ba1JlI
aboat. 5 ,.-. .. .-. at.~ _w~ _ _ .... 1 ~ 1
__ A U. law .ate> cOlltal1.a ~.. <tI._ C-1 aI. 1r/> 1tJI*I. HIl'I<''''. r... UIa
1Na ..-. <>OaOl:1U- of td'c drJial; ud tbr a t.lddi: .. at u.. _
~................... b)' dial< ~. tba ....,. of ..atar c_t.>r at
1OIl1ch thoc _ ~ oapac1w- eM \>a obW1rted 1a <ln1.7 about .5
~ .... to vater e_ or abo\l.t 6~ and~ 1.0 \0 1.5
~ at the~ __ 0ClIIt.an\a•
.Iotb U. 1.0 cpa <U.a1aotl'1a OCOQlb!UYltJ' (~ 21 aDd Z2J ....
t.ba vl'c,.~fI oM 7 UYitJ' (1'1&urac: 1.9 ud ao> .bDtf u. _
~ trade .. U. =t ...,.e:1~ ..... w. !be _.,..,.,.~.",
..... • >d.~ __." &Ja1aa ... a:bUIIl.t. a~ ia U. CQ'O:la
"
















FIG.23 GRAPH FOR CETE~MI~ATION OF SPECIMEN CAP,t,tITANC( AtlD RESISTANCE
FROIol APf'AAENT CAPACI",ANC( AND RESISTANCE FOR A CO",lACT CAP,lCIUNCE
Of ':120 ~~l AND A FREOUENCY Of 10' <po
•
"
tor tbt """'e. dri<ld to l~. The .~. drlild to fIf'c ...... 1._
Yariillon bet_ C!1Ola. tllM t'- drllld to 10,"<:1 ,-,'I'eJ'. the
ll1*t<lr-Uo r oln...~Wl~d. For Ute vP CpB _ tbe t.McI<
~ -.ow 1.... 'farlat1tln U1(l11 tho th1n disk... !h1II lut caopari"""
e~ot be ....s. fa!' tlIe low ~CJ' _ as ill at th.... t.eet .pec1aeNl
... appl'Q:II:1u.kl:f tbe _ rhiekne... t~ thick &101.~ <>tIlT
tbe rnulu tor 1;lI1ok 411la1 with th 10 lip' dblotetrtc eondac:tlnt, data,
tbe vP <l])lI l"UlI1u ...... J.e. YU'1aUona than <:\0 tlMo low tnquImc, tAat..
tor t.b..... te.1ft.8 is an u.. ord.... at .. t&etor 01 10, ..td.ch U .on... th&a
t.h&'t- report..d b:r ot.IIe!' 1>I....t.igato.... 1M d:l.eleeb'1c condw:tirlUu ..t
vi> <:pel h1il>V at ~ _t.v contWlU ..4 l.ewtIr at h1gb nt<lr ~t.a
UIm the "" ~ 10 CpB cli.tlectric CO<l~1'o1t1... vhich 11 _1..-
t.nt with the nlta of leller and. L:I......t.ro (3S) .h_ on~ 2.
imll....ted b:r t.lItd.;ro d&w..
lor the 4ielectrla c<lll4uctldU... co.leulatd haD tho lJ!' opB
5 puc.nt .... ~. vtd.ch 11 &bout. the a•• as t.ho '1'",4 tor thlo ~~
capaclt.ance da1.&o Also, t .... tIM len .n-n can<l1t.1on. of m ~ and
... Ml'" &d<iK, Ul. 'pz'Nd "as CIrI13~ 0.5 PU'''''' tlJI to ...te!' cont..m.
at 6~. 1he.pred 1D <11eao:trlo oono2u.<oUrlt.7 as _UIlN4 to" till
r..1.IRaDoe. w.t.. at 10 "5* wu about t~ .. groat for tbe cond1t.t.an. or
6t/'f; dQ1Il3o~ IdUl tbe JJI> CpB d.-ta.
n.. N1&t.1l'el,y wpr 'IU1.llti... 1tl tbe low~ d1fI:t..etrte
............urtt.7 ~ .... Illlt .0 _ thol r'UIl1t oL olI11'UllI or tbe dot-.
"IiUl. w ~. or~ and wtt1."l .. tho ....uJt, of .. iarpr
..
~" h.u 1:rno~.t..d the 1nt1t>ence or .UMJlll ...apontion at the ....-
t.... or tn. alllp1.H durl.n& .....s..t.anc. ~..... He tOlUld tbat tll'
on Ul' ....ut.anoe _aa~.. TlIb t."tmo IIl.\Y oontrillute ~ the areater
~t. enact- tOWlCl 111 tJ. 1Dw fNq...".". ..'. ==n~.
EVIlpo¥'&u.x. coul.d ~ bI> • cont.r11ll'~t.1lII: fact.oJo in the~....1.
,UKt, 1:1 t.b<I pel'101U,h1.ty IIMaU1"fCIlIIDt.I:. The ,rtw..t 1J:I the pUlld.ttb1.t.:r
t..t ~~ -u... W"II. of the lU'gC' rat.1.o or .,... to psrlJoiotu
or tho..~• ...." -......~ w:.t.1ng ....pont.1on 18 uMnUall:7
l'ft"*'t.-d n- the t_ of tlw dilIIaI by tbo p.1&te. or th' ....p"dhn<lll
foro &ll but t"" :L<>w.rt _ta' .........".
on. d1eleetr1<l conlill1cthit:r d>.t. al.1Io .~ tlw 1nt»eBUni ....uu
that, &ftoor ~ cJ"lW of <U71n& to 6O"c, drr1ni tile ....ph to 10ft 4<>N
III>t 0_ -.y~_~ of the cllrv" on the "'*-quont~
aftoor "_tUDe v:1th d.1.ulled _toR (_~ 22).
!be """'''''''tJ.'I1t:r "lOt ....ulh ..lIjlpOl"t t.lle Q""to"U"" tt.at. U.
.......... 8h1tung and 1\)'1I~1dIl orr-at. _ by u. ap~ ....~1t..".
<laW. ....~U. ....lIU1b ot~ in <laLtotd.. eotlClu.et.1'1'1t¥I _
_ ... toM ...1&U... ~c1;r1o ¢CIIllIT.oo:rt-o'IIlrtw aoIltant rel&ticosMpo.
(P.lP'M 17 ..4 18) ....~ t't'ClII tile lJf c!'* Pft'IlIittJ.ri.t7 <lIta, _bow
thK _ t ....tern _lit II.." be aet1l:>S .. t","u II\lrWII u- alIov U. ._
t .....:I8. no. 41electrlc: ",,~atQ" .....t«rt dGa lIIdI:Ud.t t.he ._~
with INcceui... ~" tboo ...~.u t ........01 tho ......loU.....
"
dr111It ~rat.nr- ...... the ~..... '" Capac1UD01 and ~bU,. daw.
n. .... t'llC'"""," IOb1eh an_ u.. ~'1'1:.;7 at'e ert<1a1tJ7 IJ.- .~ to
~e t ~ 'IQt of' tnIlIl ......... 1"'"....ecl.
!be.. ]C.-,!' 1':1tIl ~rlc .....w_ and u._~ !r: til
<l:1el.ooctrle ._....~~,~h1p ....... M ...u ...alS-d it it 13
_~~...... ~barp 01' 1nterl..eJAl poJ.;n-lut·.., hu ..~t rollo
111 llOl\tI'OlU.na" tbo d:iIl1llc':.rla _..&tIt ~ " ......."......0. :hi. t,..... of pohrl-
wt1<lll~. the ~ee or ollu,_ C,.m.1SrlI f\·... to ....... 1Wl4u' tte
1nt1u..... or t~. 1iwJ.1~ elalltrlll thld. h. "",1.IIt C"nlll"lJte th... lIhaZ'll"
"arrillros aoul.d boo prov:l.cIed bJ' tbl ~Cll3 c<:ntair>Od 1n t:,. >GN ""ta'. 'to
prl"'_ 1Jltert.oUl ~'1ut1Ql t:l..- ~41 ~ar.U", orw\ boo ,..,..sod in
.....u-~ to~ """':e:D~or ~i:.o ..~, ul<l~ tbt
ft.ar'Alil~ or u. c.apoc1t.o;-. r:..<>114 1:1 Uw ~=-o... -u
o~ !:» .cu- o! U. o:bazop~ =d f\ll.n.;.l t.h1Il .-.d co::;o!!.-
u... foI- Sf .....~. At. .. &\,",,:rr.... v. n..14 .t..~,
-'~ tt.. Dp1tadt or tb __ -.... p:>l..."'lPU~
~ dtp1Q4 CIa U. 1aI~11 '""" ttl pore~ tJlO"l 1Id.lw,
carrt.1rlld.tI'. and t<rlu:>a1t,.) -. pHhl>1:r t:Io t.:rpD. 0;. 1cwI. - tao._
~r1I Wd...... _ ....h ...... 1Il cc:nt......,1.\i.D.s .......,l>I'tl.v:l.~. n. t.wt. reallh'
... D01; ~t ~ cCllo1wl1.l:lM re,p.~. tho nlati.... 1"n._. of Ul....
nr10wI t-.. All that CaD boo N14 11 "ht 1l1t!l1n tIM rallil!' of cCll\1l1-
~ .-plo""" in the teob~ tcoton "bicl:l ",,,alt in JWt. _,....
111 ~v:l.t7 alD:I ......u in <IMlrr_ 1n tbt cl1oketr1c~ cd
'0'1... -. !bI l.N-p~. ,,"c,-.....u ........... !'Gr 41* o-l .n.r
Icd1q h .. IWn """" ... &401~ ..~ to u. ~dl.t.7of_
....~I.
66
-.a-. n h abo ...... "" t.. t4\ .~ or ,,~ OVYM at u.o
~ _ ...... .,_ uaat. u.o 4lal.vb~ ". ..-lai;1-..l7 t....
_dU.. '-0 m- ta "r~ ill tllia...,.. ~ ..... ...noet;
"'" iAn.-. 01 U. _1"_ f..- 01 u.o~ l1li1. 1a """,u.. U.
_'- 1a u.. pl _. u.u.tv' • 'c1". UIoo ~ri'~ elf U.
....tao to u. _ ....... ot -ea1~ .. u..t or tbo _114 _tn•
... toM "ater~~" \I.. r&Dl5la ",,,tel' of U. ,..4U...
d!utl"trlc -.tam u...~. tid. .catterin& or po1nt.Il __ it
d1t!1tll1t to~ till t ..... ...mUGu in tlda nlaUouMp, _ tnl,.
_ at. aut .. pd, aQd ponl.bJ¥ ,""tar. tbaa t.M~ o-=t..,..-
and ld> ~ d!wetriD .,--.1'114" relaU....-Il1pI. SooH ... in u.o l.,0
IIo.-l -..:J. ..w.t.1.oII ...._ ~UYOl;:r~ ""...... 111 toM d1~m
UIM U. obMlp &uiJlll tbII tint~ a abo ,.at.er tOT \l>1>I 1*... t.,r.
tt. "1IalU or t.bo \owt. 1.11 tM. d.adT sL... .-~
..~~ of tbl data """ .. ~ 1.1 U. ......'_1
......u .. _,,_ of _ of tbI dd& poUt•• !Idol 1.1 "-,·117 W- d
u. 1I1PI' vatw .,_ ..... tor tho di,1.Ic'tric oonlltalt\ ...w.w M4 ".
b ~ to tM ,.-1t.1'11tJ" of tho cal.cul.ation to -u
iAaoooancJ.u 1Jl t.1le w.t d&Q. £n-cn 11> t.M t.m~ "'"~•
.rt-4.., t~ "'- I., 1, W¥'7..u. At tbe ld&hI.t -.tow _ it
U -u- ~1Il~ _ too .. ; ,.ete u.o dl.a1ooetri4t~. TM
__, t 4, U. .-lUac _ Sa I., U _ • l.Nwa .. u.
.,..... La C,'
1'. U ....il"U1lt to PI"O\lOI'UOIl tboo t-. _it... ~ ,..t _? I..,; ..
tar t.o ~~ ... "..... :n • PMDb1e.~ U.~
___ u.s.. t_ u l.l.mW4. ".,. Iqut.Ua 9






.-tm a._it..... Co' 1'01~ u.. apo~n .....t..tane. tN
~ _iw- ...to boo~. !ht. aloo Il0o...- tN w. of
u. .~..o a..-.c1tDM rohdel Ulo -""00C7 or1t.1l. >lb.1Cl1l it ~0Il boo
........ !blIO .......CJM1M In tho ooJ.ooct1nD ot Co vUl boo _...,. in.
u.~ of~ '"q"'r t..
"- I. u~ • -run &lao .-..l_~ UlI 't,,.
\0 __ U. -.:t_i~ t.o e&lClIlow tho~ .......... ad.
4. -bo. It.01 ..~t.o. U. IIOIltaot c.opao1t..- _t boo aU... t""
aott.t.od. For thaN ........... it _. not .ppou t""t -'7 Ol'fr'IClIl
odo.pt.&b1e to f1ot14 ....~ J1,e1d di.tectrlc con.hnt "*' d!.aC'triCl
-.duotJ:dtJ' ....at. ~antl,;J bottofo t.Il.an _ 01lta1l>od t .... tho
t.Il.1d< cl1oko IJl t.Il.1o 1ItodT.
ftlaUw til '; rr- ai 'to ....~ of~ b U. 0'10'__
"
pro~ be_ to,,", apparcIt o-.tt.anoe ie _ .. .......rtT of U. ..t<Irl&l.
U. 101 .. f\lIlcUon of UIe ....plaT pemit.thlt7 of the ..t.erlIJ.. but U 101
&Uo .. tu.net1Q11 of UIe oantaet _cit...... tIII4 the~ of the .....c.a•
• l..ct~. ~ ~oal ~brat.1oa tor 'boo __t eapac1t..........t.v
~ct. ..W'''''IIb'P~ haft to be accOIIplbMd undo.. _U;r thI _
O<Ill<l1Uant1 nth ....~ h t.be ocmt&ct eapac1tsnr:. and .-t!'1<: ...pod·
toll... of the tnt. o_lt.oJo .. would be aperl""*" in t.h.. protc>tYll'
\Mta. ths. 1I0111d requift tllat oalibraUaa be ace<apl1l1b..s b7 ......... ",
-1.11& ~Dt IWul;r ldanUC'lIl to UIo.. ....cIlJ> u,. neld te.t ..
p'6II::l.bh in ..laU l,r 1&rce COllerfte .o~o and calltn.t1l'I4 t_ by
'IU71n« the "at... oant.<mt of tMIIe .p"o~. Ol' tobll d-.ta .-l.d haft
&l'&~O 1KdIrt..... cIoUndnaU_ on c<>mpm1aa~ tut a$Ct.1OlUl.
Both of _ ap~ -.ld be a1<:ol, lab>r1_. and 1n&cCUl'ote.
~ ...u1::n.Uon t ...~. oOlll.cl. be ..od to _to.b1bh tbe
-"c_lw-ater OClotal>t l"ft4tl...,.,h1p. TIIa ecmducUrit:r md
...11.1.1... cll"leetrlo """lJtaIWowlOkl' cot'ltellt ...4~c~ be _
tabUlI'-d b7 ...tboi1a ol.a1l..a!' to tboae ...d in t.lIa 1ItU<l:r and the _to
~tfllC_"tw"....t<om. re4t1oneh1p calculated tor t.hoo """r1nI: caPlIn·
"'" to be ..1M!. 1>1 t.bII field tnt.. '!b1II IIOllld~ tbat the~t
and p~rio "*l*"1~... of the -..ina c~t ""~. n.. a-u1o
""l'*d~ 00IIl4 be clet..1'ldM<I b7~ wUb tile Hndq oa-
pacitor~..d 1n llqu1da of"-n <l1eaot.rl.c o><>nat.ant. 'lb. "",,"et.
~t.In"" owld bed~ .1Id.J.ar1J'~ -..It II<iter' ..-lut.lorll1 if
"' " ....-d CII' -..l4 be _t.ablhhed b7 t.eet thet tho wlOtrodoo to
l1q\l1d contac:t oap&Ol\.&DCe WDII1.d. ••aentJ.aJ..l.7 duplicate tho .a~ t.o
_ o<at&et. ~""... tor~ out in c.......... Ii w. ..-ld
not. be t&~. tho caatd "*Pfo"1t.mc:. 00I>ld W ...t1lMtAd b:r
aoodtoril:l. toboo~~ att.aJo tot.- .~to __ iJ:I tM~~
IIIId U. --. ~apM:1w- w...... ~MJ 4' oW or tot.- ~__to.. ' oal-.
!tLU.t..t;r ~ tlMt. all U.~ .. epaU.. or .......
...-t.. _ I Its t.o 1arp t _ 10 U- a.tl • ' ...u.. or u.
pan _. *71IIc to~~ uer.. ItIPc dlri:Ic u.
t.Mt.a _ boo~ 1lJlIM1t c-..t1U_ aU:1lu to u-. to.. vhieb u.
~ h to boo lIHd.
!M 4r7 w1Il>t of cOIl"",,a 1m......... witb.... 'fbi Apdt.......4
roW ot th1. iDe.....~ 011 u.. lImL_nt 1n ....hb t.boo acl"8 tu..
pluI. It~ .... DOt .. tor ftrlaUoNl l.a 41'7~ diorllII:
~ Uw t.-t ....1Ilt.. >d.ll Ild.t\ ....oudw1;T to U.~ _ 1nd1-
eatoo -" .......... ftrlaU- 1J:I the N1&t.1cDI~ bwbo ... U. ~rU
aMd.:b all of t.IoI ...lett Up'~ iJ:I Ur1I tn-t.1pI;1ooI .... I It.>
U. _ .... a.a, N ••t ~ N1d.l.... to t.t.- lOS"l: ..,. ...~ It UlII
u.. ot UlII '. s.-.t tho nndia ....tt.v .t d.t.t.a ""~ til"
tI>o. ;'. ob1.od. to 6d'c -:t boo lItt.rllo;ztod to dUtl....1UoI. 111 nlat.Uf:
tI>o ...... -.at. ot tbao ..... t •• lllft: dr7 n1&ltt boat••
(·..."d ..r1lIt: u.. bM10 t ......4 _u.:... ...... aUlHlIIll1t1C11la
t.MtH, u-. 1& Utua to cllooaa t>oot_ tboo yarl_ pnp...U .. 111..10101.
pMoS ..~..... ,NIlu"...... !ba~ C&f*'iw-,~ __
....tbl~ (1toIo ~ Jd#I bell 1\1), IIIId roJ"aU... d1.lMtna -wat all
....", ... 1lld1«t.Cll'. of "/lte>" ~onte:It 111 _",tIl WId... aU po.dble eon<l:l.-
t1ooIe. It 1. abc> t.ru.., 11""0....... that tho> ..,,,t; "vtoua Tarlat1OJ1a ""......
~ ....<!II.. allt.rllal C«ld1U""". !len.... & ",aUnit: ..."",,",Uon "an t.. aw:Ie
crLQ' w:l.Ul .....poet to u.. condition. lIIIde.. wb1cll ,.etuoJ. ~1atUl'l> d<lt.6~a-
In rwv o.ppl1~ ..t1<>n&-1'ol'~. a """oret. po.-m :olo~"
".cUm t.6st.ed >IOII1d be ""l.at.:1~ ...... ri"". IIOlI,ld b8 drtad undor a~
P>oric eond:l.Uona. and, at 1_ in .......,. loeallUcs. "0I0ld not ha"" aalt.s
added to the pore r1Di.d. 1baa. condl.t1cm would ""rr_pot>d fa1l'J;r closeJ;r
'I.e thoM of the thic:k lapha <lr:1ed to anl,y flJoC an.i aUbjeot ctI11' to
lNching. 1h. ""lIUlb fe.. t.bcse .mpl". ehew .. II1ni.olln at var11lt.:1cr1 and
IOhit'UDI: of thei.. ...aUonallip IIith "ate>" "ontant on """"elei" <:)'Cl!o. or
"...unt of 1.nt.ereat "..ad l>Ol; """,,04 /, 0.. 8 ~t. l'or -:>1-. it 18
llrIllI<"l¥ t.hat. t.he 11111at...... "0Ilte:>t of .. ~onci"DtAo ..._ would nonaalJ;r
UCeK 8 ....-m. (/,). OIIld in the etll"" or cal't.ll1n !»'OperttltS ~tIld to
DObt.Ill'e _ (w.o:ll .. ahrinltaga), t.ha ..,i.rt...... rang" or tho gt'UtIlat
1JIpol"t.*nca 1" 11>.. thaa thU val>al (1). lhloo.. wch conditim.. t.bIo
d:l.ala~trio _tant., dial.octrl~ canductJ.d~. or ~parant "apaoita""," ...
<latAnolnad ft,:a. td' ep5 pom1tttdt.y _.-.t. ~OIIld be WIld '""." ...
tully at IIlOistIIN iJId:1....to.... 'n1a 1ncl1oat.ed .." ......acy "r the detam:1naUOlla
-..ld t.. bettv than.t .25 percent toJo "ate!' ~<lllt.anto nat lIl<OMCl1rla /, pet'08tIt.
TM 1nd1....U<I UOIll''''':r r the <lUl..tne e<adueUdt,. ... clatfIr-
_ traa 1Dv tNqu.1M7 reet"""" t.elrt.a is ab::nlt <t .5 porcent tor the..
..... C<II\d;1.t1oNo. thia ia aa good &II that ,,~d for .....~ a>q>al'ior
~ IJI1CII &II tha p1&atu or Pari. or 1171011 rut.....- ~..u. (49). \lit.
it 1JI anl,y ablut. _ /aU ... good ... tboo td' ~.. panaltt1dt,. <lat... l '-
n
in U. looo hoq_7 llOOldlooU'Ii'-r -..4t1C1118h1.J* to..,cl in tbe.. t.d. IU.J
be- gNatQ' tl\ul~ blo .._~ un:I... ..,t,..). field oon<l1U.ou.
1II>a p"act.1c:al COIleid.....U'O'" ot l.Mt..-.Ucn. cal1tr-.Uo.n,
and iltterpretat1Dn ..... oonsiderod, tho ...laU.,.~ d dl......
....,~ ot u.. ..ad.,.". ralaU"""b1p.s AI III01stIlN indicat bo 1IoOn>
a[>p&NIIt.. n... result. ot '''18 .t~ !'W'Iit 1IIlIk1n& C<JIpari_ be_
n.....~ct.rl.c~ echEd. as fo1.1.ool••
1. !b! Cap'd!rtnc. Keth04
1lds ..thod "0\Ild. UH tobe apparent capacit...... (~)_WT
c,,",tent relatiozteb1p .. 6ota'lll1nltd by an ..¢r:l.cal call.....t1on.
!boo appartIIIt capacUancIo in tile field ""lI1.4 be det.m1JIord~
pM'Id.tUvit;r -.-rrt. OIl ...uit"bl" .,lIIIing <>aj>wtO>' ""'beddltlt
in the .""..... teat ....uoa. but tlw d1.:t.ctrio ", ..."..U .. ot ttuo
oonCJ'Oltoo -.ld Il<>t ...::tu.ally be doot.~
tbia __ WOQld uUUse the ....lath.. 4le1ctrlo~
_tel' oontent relat1al>.M" 6II1.al>l.iwd by le.bonto.,. ten-
...ll ... to tho pon"IIl1tU'lit.,' hit.......<1 1n thh .~. n..
...1&U.,. d1.teet.rl.~ of \be cern,"", in th. lUll! -.ld
be 'WulaW<l trca appropr1&t. penlI1ttivit7 tee".
,. the Di!ltctt1c Con<!!c\1!1tz I!!J\.!104
1'b1lI Mtbod 101 identical to tlHo dlwct.z1.c con!ltaJlt ..u>od
ocept. tbat the <lalooctl"1<> .....<b!Uvit7 "ould be c:alou, ...,s Ina
tIuI t1dd porn1tt,i:dt7 t ...t ••
4+ !tit Cznr,V p,rad,\t1yUr 14ethod
'1M an--t e&pU1t.ool_at... oontent~ -wl be e&lo.
..w.ted t .... tbe t1eld _111&c~_ tna tbe dl.otlMtm._






























































































































































































































































































































































tile clUf..... bet_ U. oUIoo:' u..- pe.-1tti,ntJ _t.hoo$
'-tho4l 2. 3 f,Qd IJ u 1Il tho ae\lIoda .-d t.o 1Il~ the roaili••
Tho daJ.<teUio c.....t4nt. """ cll.eJ.<rt.ria c:on<iucU'I'1t.,. .... <:&l.culated rr-
n.w ~1!Il1t.UY1f.7 ....an_at. ""It c-",,, witlll.abol'llto1"f ...ubrf,t1arI.
psrw.l.ttbU,. JIIOthod thoo apparct <>apom.taDH u calcul.o.tAo<l. f'r<tII tho f1el.d
~nd.tt1v1ty tan.. alld correl..d.e<1 v:1t.h an ..~ col.jl6Citon_.t... <101>-
tent. ~t.1DM!dp ca1ell1l.ted tr<B l.&borat0&7 poomltthU,. un. and thI
ollu..,t.er1nlce ot t.lle t1till _1J>ll ca;.c1w. Tho> ......u. or Wa
111 U>e h8t data thooI e1tMr dl.ellletne •..-.t_ .... dieh<:'trlc: conduo-
U"fitJ.~... tboo didloctrl.e ecnatant .".s <IieJ.oI<:t.ric con4uct.idtJ
.....:I onl;r boo eal.<:ulated n- l.&borat.otT teort. <If.te wIdch can be ....
<:lIMN tor thoo d1elllctrlc ...",Itant and dielectric condOJCt1dt,. _tao
CCIIltant. relat1oll'lhiPl'. FOl' tho.. r • .....,... tal cClllP1a: I"'rtdttlY1tr __
__t. ....t be _ol'"'do and thI pI'Obl_ of~"" .n...t.
~ boo .to'""""- tnd '1'F"'"",,,t. .........<:t.l..... ""-loped it ..qIl1red.
h .....atan... _tbo<l utiU_ di.ltoetrie """<b1etlrlt;r .. t.hI
,.,111t;...... 1nIt1cator. 1D thh peoet. it u idotnt1c.olll1t1l t.be diuctnll
con<loI<:t1'1'1tT .thod. "'"' dirt botwMn tho" .tb<><ho b t.lle~ tllb
.......... t.J' b d.1.w InM. 11> th ree:uotan.. _t.hod tilt dUlae\ri.cl .on,*",""
~. TIt1a 1a ICc.-p11a_ l>7 dea~ tl>l inIt.....-t.f.UOll to
uke the charaial ounerlt t.I\l'OIl8lI tl>l a.!llllp1e .....u ..lUI r..pe<rt. to t.be
~ ...,....nt. !l>1I pel!l1t.a aalc1ng tl>l _..... em. at ralatbe1:J' low
traqu.-.q IUld iiiUI tare ith<lu..dle. tbolrebJ' ueat1:J' a1&pllf71n& both the
lmIt~&UoG and tile n_1INr7 calcu1.l.UoDs. Sl.IIpl1cit7 U tile K1Jl
-'''.mae- of UI1a ..t.hcoi. the ....11I1"" of tid. nlld;r 1ib0ll 111_ ftI'1.et1ol>e
of Ule <l1~l><rt.1'10 c<lI'l<IuoUnt""'olt.- C>D>ltent. ....4t1cneldp M detwldned
tv tM ....1.8t.""040 ""'''''''' the n- the perodtth1t.7 ....4I.1Cl1\th1Jl.
~ tNt the l"Q1.e~__ WOIlld b& 100.. "CcurollA thaD thlt
""IP'_ peno1ttb1t.7..t.l>od. Ibwewr. t.he... IU'e 1n<li....UOOlIO u.e,t t.h1e
......IA.. varl.o.bU1t.7 ....,. not. a:1at und f1eld """diUom. .. 1""41 u
tbU ""..itd.l1V u1ab. the ....oi8tul _thod sl-.ould not be diUN'dll4
Id.thout.~ d&t.,dled IItll<tJ' of all t"" t...w... lnvoly.ed",
...-" ......,
1. ~ be _u.~ ftw lIM 1.ll _Uoa nth -..ture_~
ntla~1.ll-u.u- 1.ll _ ....... J&_to., _ .,1Ita:n1 l::Iet.er
_ ~ ..as....'·.'W1¥ 1.0~,.
2. tb 1a41.c&t.~ ......._ "'"' to .,ata:nl -.1aUom nth ...
..,~ *1ell "'-U u.tt U. ~r to GZI _t .,.mft1.alt to _
~~ cd 'fir, u..~ ot tile muture _ ......_
•_t. _ boo _t l.sft o.:ifo. 11 _.. t. "" to boo _
1.ll tboo nr.t 4r)o1JIC C;J"la to ..u.-~ cd .lj .... leu, ...
~ cd.-rt o.~-a ...~.
3- 11:1 -.. ..ter _ a to boo uM4 to pm41'" tboo
~ <4 _nu, U.~ <4 wtPlh"',. _ ~~_
-...l..- ~U=""I.p.t ""7 et_ u. 101 -.r--u;,- ...~t .. tbe
•
.....'>IJ' ..... Nl4 ..... _ ~. a _~ ",r u..~
b.Uto1T <4 u.. eoDCnrte. ~ ... ~c.- Ul&t. u _ boo
~ to~ _ ~-...l..- ntlatl...bi,p u ~ u-
lSi_ t1M.
... '!'be ntlat~ bn__ ti_*trle pr"put.1,.. or~ _
~t~ of tbe PO'" n~4, ""'" envi,,,,,,,,,,,t Ull4e,. WJ.eb u.e
eOllCreto a -ea<!. Ilau<tYll,., u.e <><m<!1ti",.. W1ch l.ea4 to lArGe
...na.ti~ ill ~ relatia\l.hi~ bftt~ 41clactrle properties ..,4
...ter"""Olltellt __ such .. a 4Q'1lliI ~Wl'tI of JJY{'c or _1c1 ng
ill 1.0 I""""ll IlaCl. .c>lut.1<l11S __ ..... >,mreeJ,ist1e ....1:U> "Ul)e<:t to U>e
e<>n<:rete ... 4et.en:dD:4 tr<no penl1tt1v1~ ~e ..... l'O!:O$1alJ,y
eapablD or 1il41<:nt1llll th" _'te,. eente:ot or _nod eO<lOnote lI'1~
•.., ""curacy or ;.o.~ tor..,1at\Ire <:<n:rtentol IlP to 6 po""""t. 1:10"""",.,
"'"""tullY eson1gno<l. tor the sp<:c1t1e <l1ol.o<:tri<: propotrt1"~ of o:l""reta,
_ ,,~i4e....t1ol:l be1llll 61v"" to di<:l.<>c:tri<: <:OIUtllnt, 41el<l<:trte
con4uct1vity, tI'oqUCll<:y, &lid. el~l'1e.oJ. <:!la:Nctaratien <:r tho """~
birtve.... setIa1il& e1.clDollt &lid. the """"rete.
6. low fieq""""7 ren1nUn<:e _~t. 1Itd1<:at<l a ;potential ll<lO~y
0tI1¥ Ilal1' U1at <:r U>e penlitt1..1:t,y te"u, bll1: til"........ iDd1oat1"".
that thin ac<:Ul'O.C7 ecul4 be 1qroYed. Duo to tile rol.D.ti,,,
.UlPl1e1~ or tIlo 1!uotrulliOlltation, aDd. or tile .at... ""duct1OD 1n1'>l'ffl<l,
th1e ""'thad ebould not be 41ecar<!fH1 until it" poa.1bWtiu haw beeo
....... .s,'.te4 ill tllIt l.1Il1lt or tile t'1n41n&1I or th1n nb>d;y.
T. '!be <l1Glbotr1e P'c>pe>t1os eorreJ.ate vl.tb naporablc _tor. CenectiOllS
...t be _ to,. eJlane8. of dry ""ls:ht of tlle e"""rete or :eortar
<tur1lIiI: tIIa tent pe,.lod.
11
8. b nlat1mab'pa bet ... 'tba d1elAc:~ JAOjifit1e• ...." _tar ea.tcnt
_ ~ _ --. ...lat1~ &II IIOU t~
an-4,.,. _ <kta1l& or _ 'toet JiiW h UIl. c_u-.
0.-." .-. _ ""~ to 1dcw'e _ ~t1oo_
~ Hi< t thol -.diU- tbJ" >hich U>a Kt>&l
...ut>&N .......~ .... calU>l1Lt1oo 54 ....._ 1e to boo __•
1., &.n. J. R•• "1bo le&ldbll1t.7 of Meuur1.llll JIloUtllN Qro&d1arl~ 1ft
ec.m.t.. '.-.to S1&..... """r!o~ !'. ~ .101m. II1p>oq
~ Project. i'Iu<ll>t lhl--.1\:y AIlUU"7 1 9).
2. 1ltoU, J. lI., "!hoI reu1bU1tJ' of~ Ihht.......~ ill
~ raY rt Slabl,'~U!!tiii2;'10....1. Jotnt IUe'-7
I'.aMU'dl Pro;oct. i'tI.r<lIlIl 'MNit;r to 1959l.
:h a.n. J. ft., "'l'M ' ..elldllt, of Meu'll"1llg K<>1otuo On<U.oau in
eoneNte h._to S1&.....ulir;ma, Room 'Io•...l. Jo1Ilt Il1&lnoq
IleN&reb ProJeot. IUrdoM 'Nl'tIlt,y (A~ 1951).
40 1leU. J. a.. "1hI , ....1b:U1t' ot~ Moht.....~ :Ill
Canol'*t4 Pa-m 51&.," f\?;;r:!l.a! ~Uo! "i .101m.~
BoetW'Ch Pro~t, !'Ir<hte tE""~\ ¢;8i.be.. 962).
~. ....tt. w. I., ~ S1'feot. of l'>Ut\U'a <11'1 Conem.,"~
Vol. 89• .-on,*, bil'ty ot ClYU ~a. pp. ~:I'f\rml.
6. T.u.... to. Wo. U1d 3TIlUIe:-latIcI, E. Co, "1bI 9t.r..~tural Ilea1I1' of
eonoret.e Pa_h," PAAl1i ~<l'. Octube... !lowlober. ll.ooa.......
19:151 5ep~. Octo_. 9'3 I AprU~. 19/0).
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